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I Multiple choice questions — 116 questions

’ In each of the following figures, a straight wire carrying an electric current is placed in a
magnetic field. In which figure is the direction of the magnetic force acting on the wire

correct?

RE
)

I_
g
\ Z]

© ®

a In the opposite figure, a wire of length (£) carries a current (I) out of the page and is placed in
a magnetic field of flux density B directed into the page. The magnetic force acting on it equals

XXX R R RN

x X X
X X X
x (3 x
x X X
X X X

(a) BI® 1/2 BIR (© V() BI® @) o

e A circular coil Q carries an electric current (I). A long straight wire P carrying a current out of
the page is placed at the centre of the coil, perpendicular to its plane, as in the opposite figure.

The Wire P XXX RN

Q

P
©

@ is acted on by a magnetic force out of the page
is acted on by a magnetic force into the page
@ is not acted on by any magnetic force

@ is acted on by a magnetic force in the plane of the page
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0 A wire carrying a current of 10 A is placed perpendicular to a magnetic field of flux density

0.1 T. The magnetic force acting on a unit length of the wire equals «veereves

(A) 1 N/m 2.5 N/m (©) 3 N/m (©) 4.6 N/m

° A wire of length 10 cm carrying a current of 5 A is placed in a magnetic field of flux density 1
Wb/m2. The magnetic force acting on the wire when it makes an angle with the direction of
the flux lines of:

o
0 IS vevererene

(A)0.3N () 0.11N ©o0 (©) 0.7 N

e A wire of length 10 cm carrying a current of 5 A is placed in a magnetic field of flux density 1
Wb/m2. The magnetic force acting on the wire when it makes an angle with the direction of
the flux lines of:

45° iS XXX R R RN

(A) 0.354 N (8) 0.631 N (©) 0.891 N (®) 0.913 N

0 A wire of length 10 cm carrying a current of 5 A is placed in a magnetic field of flux density 1
Wb/m2. The magnetic force acting on the wire when it makes an angle with the direction of
the flux lines of:

900 is IXEEEERREN]

(A)0.25 N () 0.5N (©0.7N M 1N

° A wire of length 10 cm carrying a current of 5 A is placed in a magnetic field of flux density 1
Wb/m2. The magnetic force acting on the wire when it makes an angle with the direction of
the flux lines of:

1350 iS XXX R NS

(A) 0.221 N 0.354 N (©) 0.496 N (®) 0.532 N

° A wire of length 10 cm carrying a current of 5 A is placed in a magnetic field of flux density 1
Wb/m2. The magnetic force acting on the wire when it makes an angle with the direction of
the flux lines of:

1800 iS XXX R RN

Ao () 0.25 N (©0.5N (®) 1N
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@ A straight wire of length 30 cm carries a current of 4 A. The angle this wire makes with a

magnetic field of flux density 5 T so that a magnetic force of 3 N acts on it equals veesevsess

() 30° 45° (© 60° () 90°

° A straight wire carrying an electric current is placed perpendicular to a magnetic field whose
flux density (B) can be changed uniformly. The graph that represents the relation between the
magnetic force (F) acting on the wire and the magnetic flux density (B) is veveveeses

F F P E

. -

B =B B b= B

® © ®

@ In the opposite figure, a straight wire carrying an electric current (I) is placed perpendicular to
a uniform magnetic flux of density B. If the wire is rotated through 90° about an axis
perpendicular to its length at point x, the graph that represents the relation between the

magnetic force (F) acting on the wire and the angle of rotation (0) is veeovune

L
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@ The opposite graph represents the relation between the magnetic force (F) acting on a straight
wire of length 60 c¢cm placed perpendicular to a uniform magnetic field and the current (I) in
the wire. The magnetic flux density acting on the wire equals svsvseaes

F(N)

A
|

12|

0.9 /
06 /

0.3

- I(A)

05 1 15 2
(Ao.01T () 01T ©1T (®) 1.01 T

@ Two groups of wires (x) and (y) carry electric currents of the same value (I) and are placed in a
uniform magnetic field of flux density (B), so that the wires of group (x) are inclined at an
acute angle (0) to the direction of the field and the wires of group (y) are perpendicular to the
field. The opposite graph represents the relation between the magnetic force (F) acting on each
wire and its length (£). The angle () equals vvveeeee

E
4
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@ Two wires (x) and (y) of the same length carry electric currents Iy and Iy respectively and are
rotated in the same uniform magnetic field. The opposite graph represents the relation between
the magnetic force (F) acting on each wire and the sine of the angle between the wire and the
direction of the field (sin 9). The ratio (IX/Iy) equals veervreans

F
4

(o}

30°
| 30°

— 51N O

@) 1/(V(3)) V(3) ©1/3 ® 3

@ A straight wire carrying an electric current is rotated in a uniform magnetic field. The opposite
graph represents the relation between the magnetic force (F) acting on the wire and the angle
of rotation of the wire (8) as it rotates a quarter of a turn from the position parallel to the

field. The value of the force (F,) shown in the figure equals sesveveaes

e N ——

= 0 (degree)
(@) 5v(2) N 7.5 N (© s8N (®) 5V(3) N
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G A wire of length 2 m carrying an electric current of 5 A is placed perpendicular to a magnetic
flux of density 0.4 T directed as in the opposite figure. The magnitude and direction of the

magnetic force acting on the wire are «vavsvvaes

A0

A A A A

A

-

@ 2 N, out of the page 2 N, into the page
@ 4 N, out of the page @ 4 N, into the page

@ The opposite figure shows a straight wire PQ, free to move in the plane of the page, carrying
an electric current I, with two uniform magnetic fields acting on its two ends. Which of the

following choices shows the direction of motion of the two ends of the wire?

B2 BI
I B B ] x XXX
Pe Cm===mmxQ

*® @ @ 0 Ixxxx

@ End P: perpendicular to the page and outward, end Q: perpendicular to the page and

inward

End P: perpendicular to the page and inward, end Q: perpendicular to the page and

outward

@ End P: in the plane of the page upward, end Q: in the plane of the page downward
@ End P: in the plane of the page downward, end Q: in the plane of the page upward
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@ The following figures show a wire carrying an electric current (I) in different positions in a
uniform magnetic field.

The wire is acted on by the greatest magnetic force in position sevsessess

x o x » x x L x X x x * x X *
x x x I x x x x » x x x x x » x
I
x b x x x x x X x x x X x x
[
4 x » x x * 4 x x x x b4 x x x
X X X x X x x x x x x x x x b4
(3) (2) (1)
@ (1) (2)
@ (3) @ The force is equal in all positions

@ In the following figures, three wires each carry a direct electric current and are placed in a
uniform magnetic field.
Which of the following represents the relation between the magnitudes of the magnetic forces

acting on the wires?

. 1
. . B
2B
131)f ® X X K ®
\ —~———
I X X X X X
o
-—f—-
Figure (3) Figure (2} Figure (1}

®F1>F2>F3 F2>F1>F3 ©F3>F2>F1 @F3>F1>F2
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@ A straight wire carrying an electric current (I) is placed in three uniform magnetic fields of the
same flux density but different directions, as in the following figures.
The correct order of the figures according to the magnitude of the magnetic force acting on

the WiI’e iS Yerrrerre

Figure (1) i Figure (2) N Figure (3)

OMH==6) ®0>®>06) ©n>3)>2 ©@)>6) >0

@ In the opposite figure, if the magnetic force acting on side ab is F, then the magnitude of the

force acting on side bc is vevavrenns

—
0
B
—_—
—_—
a Cc
@ less than F greater than F @ equal to F @ equal to F sin O

e In the opposite figure, if the current in the wire is 5 A and the flux density is 0.15 T, the
magnetic force acting on part:

ab of the wire due to this flux equals vsesvaans
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@ In the opposite figure, if the current in the wire is 5 A and the flux density is 0.15 T, the
magnetic force acting on part:

bc of the wire due to this flux equals «vevsevees

a b d e
(A)0.36 N (3) 0.25 N (©0.12N @) o

e In the opposite figure, if the current in the wire is 5 A and the flux density is 0.15 T, the
magnetic force acting on part:

cd of the wire due to this flux equals vsevsesess

a b d e
() 0.45 N () 0.37 N (©0.23N (®)0.12 N

@ The opposite figure shows a rectangular coil abcd carrying an electric current, placed in the
plane of the page in a magnetic field perpendicular to the page. The ratio between the magnetic
force acting on side ab and the magnetic force acting on side bc ((Fap)/ (Fpc)) 1S ererervens

LI Py,

[ah} - T, ——

Ean b

@ greater than one less than one @ equal to one @ equal to zero
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@ A wire of weight F is hung horizontally, parallel to the Earth's surface, so that it is
perpendicular to a magnetic field of flux density B as in the figure. If an electric current passes
through the wire, a magnetic force of 2F acts on it. The magnitude of the resultant of the

wire's weight and the magnetic force acting on it is vsveseasass

B

I....."..

(W F (®)2F OV F ®)3F

@ A cylindrical metal rod ab of length 20 cm, resistance 2 2 and mass 400 g can move on two
smooth copper rails of negligible resistance, as in the figure. A battery is connected between
the ends of the copper rails, so the potential difference between them is 6 V, and a magnetic
field of flux density 0.1 T acts perpendicular to the rod ab. What is the acceleration of the rod

at the moment it starts to move? (Given: F = ma)

e o Joe L] ] ] L] @ @
ﬂ T Y TR ™y ST . —]

e e ® [ ° ° ® ® [
o L] [ ] [ ] -] L] o .,_____-.t.
e o e [} ° ® ® o“_o
e o ® ° ] ° e ° -]
(e .

e @ b. ] ° @ o © °

Q*D_%m/s2 1.5 m/s? ©0.15 m/s? @0.015 m/s?

@ A straight wire ab of length 1.5 m carries an electric current I and is placed perpendicular to a
magnetic field of flux density 0.2 T. If the magnetic force acting on the wire is 2.4 N in the

direction shown in the figure, the value and direction of the current I in the wire are svvevaeess

@16A,fr0mbtoa 8A,fr0mbtoa @16A,fromatob ®8A,fromatob
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@ A rod (cd) of electric resistance (R) is placed perpendicular to a uniform external magnetic field
(B) and connected in an electric circuit as in the opposite figure. If the magnetic force acting on

the rod due to the external field is (F,), the magnitude of this force when switch (K) is closed

becomes vevvvrvene

K"l
2R b ._____,]E X
X X
r=0"%
x »
X T-‘dx

(A) 1/3F, () 1/2F, (© 2F, (D) 3F,

e Two straight wires (x) and (y) are made of the same material and have the same cross-sectional
area. Wire (x) is longer than wire (y). Each of them is placed separately perpendicular to a
uniform magnetic field of flux density (B). If the ends of each wire are connected to a potential

difference (V), which wire is acted on by the greater magnetic force?

@ Wire (x)
Wire (y)
@ Both wires are acted on by the same force

@ Neither wire is acted on by a force

@ A straight metal wire of length £, cross-sectional area 10 mm? and resistivity 2.8 X 1078 Q.m
is connected to a battery of emf 3 V and negligible internal resistance, and is placed
perpendicular to a magnetic field of flux density 103 Tesla. Then:

The magnetic force acting on the wire equals vsevevsess

(A)0.53 N () 0.85 N (©1.07N (®) 2.13N
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@ A straight metal wire of length £, cross-sectional area 10 mm? and resistivity 2.8 X 1078 Q.m
is connected to a battery of emf 3 V and negligible internal resistance, and is placed
perpendicular to a magnetic field of flux density 103 Tesla. Then:

The force acting on the wire if its diameter is doubled equals +vsvsvsess

(A) 8.36 N (8) 4.28 N (©2.15N (®) 1.07 N

@ A straight metal wire carrying an electric current I produces a magnetic flux of density 10>
Wb/m? at a point 10 ¢cm from it. If a magnetic field of flux density 1.5 Wb/m?, inclined at 30°

to the wire, acts on it, the magnetic force acting on a unit length of the wire equals +vveeaevss

(A) 2.5 N/m 5 N/m (©) 3.75 N/m (®) 10 N/m

@ An aluminium wire XY of cross-sectional area 0.1 cm? is hung horizontally while its two ends
touch the ends of an electric circuit, as shown in the figure in front of you. The flux density

and direction of the magnetic field that keeps the wire suspended without any other external
effect are vuvvvvsnes (Given: g = 10 m/s2, py; = 2700 kg/m3)

-
—®——

vyI=10A

X Y

@ 27 X 1073 T, perpendicular out of the page
35 X 1073 T, perpendicular out of the page
@ 27 X 1073 T, perpendicular into the page
@ 35 X 1073 T, perpendicular into the page
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@ A square metal frame of side 20 cm is hung from a spring balance, and a uniform magnetic
field of flux density B acts on part of it as in the opposite figure, so the balance reads 2 N. If a
current of 20 A is passed through the frame anticlockwise, the balance reads 2.2 N. Then:

The magnetic flux density (B) equals vsvsvsvses

AWoaT 0.05 T (©0.04T (©) 0.02 T

@ A square metal frame of side 20 cm is hung from a spring balance, and a uniform magnetic
field of flux density B acts on part of it as in the opposite figure, so the balance reads 2 N. If a
current of 20 A is passed through the frame anticlockwise, the balance reads 2.2 N. Then:

The reading of the spring balance when the direction of the field is reversed equals +vseasvaes

(A22N (®)2N (©1.8N (®) 02N
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@ A straight wire of weight w is placed horizontally, perpendicular to a magnetic field, as in the
opposite figure. When an electric current I passes through the wire, the resultant force acting
on it is 3w, vertically downward. The magnitude and direction of the resultant force acting on
the wire if:

the direction of the magnetic field is reversed veveseasss

@ magnitude w, direction vertically upward
magnitude w, direction vertically downward
@ magnitude 3 w, direction vertically upward

@ magnitude 3 w, direction vertically downward

@ A straight wire of weight w is placed horizontally, perpendicular to a magnetic field, as in the
opposite figure. When an electric current I passes through the wire, the resultant force acting
on it is 3w, vertically downward. The magnitude and direction of the resultant force acting on
the wire if:

the current in the wire is reduced to half ceeveeeess

@ magnitude 3/2 w, direction vertically upward
magnitude 3/2 w, direction vertically downward
@ magnitude 2 w, direction vertically upward

@ magnitude 2 w, direction vertically downward
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@ A metal rod ab of length 0.4 m and mass 50 g is hung from two identical insulated springs of
negligible mass, and a magnetic field of flux density 0.2 T acts on it as in the figure. Then:

(Given: acceleration due to gravity 10 m/sz)

The value and direction of the electric current that, if passed through the rod, makes the
tension in the springs zero are .vevsvsess

* - b e x
Spring e h:_% Spring
(2) <—= &> (1)
x Sy 0 =)
b — a
; )
x X X x x
@ 6.25 A, from b to a 4,5 A, fromb to a

@ 6.25 A, fromatob @ 4,5 A, fromatob

° A metal rod ab of length 0.4 m and mass 50 g is hung from two identical insulated springs of
negligible mass, and a magnetic field of flux density 0.2 T acts on it as in the figure. Then:
(Given: acceleration due to gravity 10 m/sz)

The tension in each spring if the direction of the current is reversed while its value stays the
SAME 1S vaseevense

» - x E— x
Spring H_':ﬂ e Spring
(2) < —- (1)
X s X . x
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@ In the opposite figure, two wires (A) and (B) carry currents I and I, such that I, < I;. The

direction of the magnetic force acting on wire (B) iS vserevenes

12 L Y Il

(B) (A)

@ into the page out of the page
@ to the left of the page @ to the right of the page

e The type of the mutual magnetic force between two parallel wires, each carrying an electric

current, depends on seveeseess

@ the direction of the current in each of them
the current in each of them

@ the distance between them

@ the length of each of them

@ In the opposite figure, two long straight parallel wires (a) and (b) each carry an electric current.

If point (x) shown in the figure is a neutral point, then the two wires vvevaeaese

® X

Wire (b) Wire (a)

@ repel each other attract each other

@ have no magnetic force between them @ carry equal electric currents
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@ Each of the following two figures (1) and (2) shows the magnetic field produced by electric
currents in two long straight parallel wires placed perpendicular to the plane of the page.

In which figure is the mutual magnetic force between the two wires a force of attraction?

Figure (2) Figure (1)

@ In figure (1) In figure (2) @ In both figures @ In neither figure

@ In the figure shown, the ratio of the force acting on wire x to the magnetic force acting on

WITe Y iS vaevassaes

y X
() 1/1 2/1 ©1/2 () 1/4

@ Two straight parallel wires x and y each carry an electric current I, and the magnetic force
acting on each of them is F,. If the current in wire x is doubled, which of the following graphs

represents the magnitudes of the magnetic force acting on each of the wires x and y?

4

F F F F
4 i
| I |
| |

|

|

|
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@ The opposite graph represents the relation between the mutual magnetic force per unit length
(F/(8)) between two long parallel wires and the reciprocal of the perpendicular distance
between them (1/d). If the currents in the two wires have the same value, the current in
either of them equals vesvsvanss

-5
-1;- x10™(N/m)

&

6

+

AW1A (B) 1.51 A (©)2.24A D 3A

@ Two long parallel wires a distance d apart each carry an electric current of 10 A in the same
direction. If the mutual magnetic force between them per unit length is 2 X 104 N/m, the

distance d equals «vevrevees

@Sc:m 10cm @15cm @20cm

@ In the opposite figure, two very long parallel wires each carry an electric current, and the
mutual magnetic force between them is 0.01 N. If one of the currents is doubled and the

distance between them is halved, the mutual magnetic force between them becomes +vseaevses

(A) 0.04 N 0.02 N (©0.01N (©) 0.005 N
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@ The opposite figure shows two straight parallel wires a and b perpendicular to the plane of the
page, 6 cm apart. Wire a carries a current of 24 A out of the page. If wire a exerts a force of
attraction of 8.8 X 1074 N/m on a unit length of wire b, the value and direction of the

current in wire b are respectively sevevsvses

O) O

- Ll

a 6 cm b
@ 11 A, out of the page 12.5 A, out of the page
@ 11 A, into the page @ 12.5 A, into the page

@ Which of the following graphs represents the relation between the mutual magnetic force (F)

between two parallel wires, each carrying an electric current, and the current (I1) in one of the

wires, when the other factors are constant?

-1, -1, . -1,

® © ®

@ Which of the following graphs represents the relation between the mutual magnetic force (F)

between two parallel wires, each carrying an electric current, and the distance (d) between
them?
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@ In the figure shown, if the first wire moves east at a constant speed (v), which of the following

graphs represents the relation between the mutual force between the two wires (F) and time

(t)?

t

t t t

® © ®

@ A very long straight wire carries an electric current of 5 A: (Given: (u)/(2m) = 2 X 1077
Wb/A.m)
The magnetic flux density produced by the current in the wire at a point in air at a

perpendicular distance of 10 cm from the wire equals «veeaveaes

W1 x10°T (®)2x 10°5T (©3x10°T ()4 x 10°5T

@ A very long straight wire carries an electric current of 5 A: (Given: (u)/(2m) = 2 X 1077
Wb/A.m)
If another wire of length 50 cm, parallel to the first wire and carrying a current of 2 A, is
placed at a perpendicular distance of 10 cm from it, the force acting on the second wire due to

the field of the first wire equals vvevaevees
(A)2.5 x 10°N 1x10°N (©05x%x 104N (D) 0.25 x 10*N

@ Two straight parallel wires 2 m apart in air each carry an electric current in the same
direction. If the magnetic flux density is zero at the midpoint between them and the force

acting on one metre of either wire is 4 X 107> N, the current in each wire equals «vvvovees

(A) 10 A, 20 A () 15A,3A (©) 104,10 A (D) 20 A, 20 A
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@ In the opposite figure, two straight parallel wires x and y each carry an electric current I in the
same direction, so a magnetic force (F) acts between them. If the current in wire x is increased

by 4 A, the mutual force between them doubles. The value of I is vvevsesses

y X

@2a (B)4A ©6a ()8 A

@ In which of the following cases is the insulated straight wire ab NOT acted on by a resultant

magnetic force?

a a
I
I I
T X
I straight wire
b
Straight
b wine

O,
©,

I
m VAL
4 ¢ VARRRARRND,
I( \ T T

®© ©
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@ Two identical straight parallel wires A and B, a distance d apart, are included as part of an
electric circuit. When the value of the rheostat R, is changed, the current in each of them
changes as shown in the following figures. In which of these figures is the mutual force

between the two wires the greatest?

@ Two long parallel wires (1) and (2) each carry an electric current (I) and are placed
perpendicular to a uniform external magnetic field, as in the opposite figure. If the resultant
magnetic forces acting on a unit length of the two wires are F; and F, respectively, which of

the following relations is correct?

X = x x
% x X x
A I
4 x x x
¥ b4 x o
x .4 * =

Wire (2) Wire (1)

WF =F,=0 ()F >F, ©OF =F,=0 (F <F,
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@ Two long parallel wires x and y each carry an electric current of 2 A and are placed in a

uniform external magnetic field of flux density 2 X 107> T perpendicular to each of them.

The total magnetic force acting on a unit length of:

wire (x) equals seeeaeaene

e s @ e o o2Ae o

e .l. ° o l:l .

e oFE s o o 8 s @
=

-y-lc e @ ...-.—. °

] L] L] [ ] L] .ZA. L

(A) 1.2 x 105 N/m (8) 4 x 105 N/m

(©) 8 x 105 N/m

(0) 1.2 x 104 N/m

@ Two long parallel wires x and y each carry an electric current of 2 A and are placed in a

uniform external magnetic field of flux density 2 X 107> T perpendicular to each of them.

The total magnetic force acting on a unit length of:

wire (y) equals vvevevanns

e 8 s o ® 02Ae o

e .l ™ ° o l:l .

° oE o e e e s @
=

|y Ili e s o.:- .

] [ ] [ ] ] .ZA. L4

() 1.2 x 10°N/m (8) 4 x 105 N/m

241100

(©) 8 x 105 N/m

(0) 1.2 x 10* N/m
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@ A flexible uninsulated metal wire is shaped into a square frame abcd. Between which two
points of the frame must a DC source be connected so that its wires take the position shown

in the opposite figure?

(A)a, b (3)ad (©d, c () d, b

@ The opposite figure shows two horizontal straight wires x and y in the same plane. Wire x is
fixed and carries a current of 80 A, and wire y, 20 cm from it, can move up and down. If the
mass of one metre of wire y is 0.12 g/m, the current (I;) that must pass through it so that it

stays suspended and does not fall under gravity is «sesevesss (Given: g = 10 m/sz)

i I,=80A I
Xe =

7 4 vy

20 cm
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@ Two straight parallel wires, each 50 cm long and 20 cm apart in air. The first wire carries a
current I1 and the second a current I, = 10 A in the direction shown in the opposite figure. If
the total flux density at point P, midway between the two wires, is 6 X 107 T, the mutual

magnetic force between them equals vivsvavses

L

Poe 20 cm

|
e ———

o |

(A 102N 103N (© 104N (®) 10° N

@ In the figure shown, if point x is the neutral point and the magnetic force acting on one metre

of either wire is 12 X 10°° N, the two currents I} and I, respectively equal vovvoveues

I]’ Al

10cm| 20cm

WL =3AL=1A ®rn
©OnL=6AL=4A ©OF

1AL=1A

6A L =2A

@ Two horizontal wires ab and cd lie in the same vertical plane and each carries a current of 50
A. Wire ab is 1 m long, has a mass of 5 g and is free to move vertically, while wire cd is fixed.
If wire ab is in equilibrium as shown in the figure, and neglecting the flux density produced by

the vertical wires, the distance between the two wires equals «vevevevss (Given: g = 10 m/sz)

d c

(A)0.23 m (3) 0.15 m (©) 0.02m (©) 0.01 m
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@ The figure shows a rectangular frame of thin wire of dimensions 25 cm and 9 cm and mass
4.5 g. Above it, in the same plane, is a long horizontal straight wire carrying an electric
current of 50 A. The value and direction of the current that must pass through the frame so

that it stays suspended vertically in the air are vvsvsvsess (Given: g = 10 m/sz)

I l=50 A
- o
1 cm
O9cm
-5 cm————»
@ 200 A, anticlockwise 200 A, clockwise
@ 100 A, anticlockwise @ 100 A, clockwise

@ In the opposite figure, three long parallel wires carry electric currents. Which wire is NOT

acted on by a resultant magnetic force?

14 431 821

d 2d

X) () 2
@ Z Y @ X @ Z and X together
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6 Three long straight parallel wires (x), (y) and (z) carry currents in the same direction of I, I and

21 respectively, as in the opposite figure. Which wire is acted on by the greatest resultant

magnetic force?

421

Y

(z)
(A) Wire (x)
Wire (y)
(©) Wire (2)

)

(x)

@ The three wires are acted on by the same force

e In the opposite figure, three long parallel wires (a), (b) and (c) in the plane of the page carry

currents of the same value in the directions shown. The direction of the resultant magnetic

force acting on wire (b) is vevevseaes

VI

VI

(a)

2d

(b)

@ perpendicular to the plane of the page, inward

perpendicular to the plane of the page, outward

@ in the plane of the page, to the right

@ in the plane of the page, to the left
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@ In the opposite figure, three parallel wires in one plane each carry an electric current of 5 A.
The force acting on one metre of wire b when the currents in wires a and ¢ are:

in the same direction equals «veesevees

C b a

SA ASA S5A

B
L

40cm = 20 cm_-;

()50 x 10N (8)37.5x 105N (©)25 x 10°N (D) 125 x 106N

@ In the opposite figure, three parallel wires in one plane each carry an electric current of 5 A.
The force acting on one metre of wire b when the currents in wires a and ¢ are:

in opposite directions equals «vaevseese

C b a

5A ASA SA

[——
-

40cm 20cm

W75 x 106N (8)375x 106N (©)19 x 106N ()14 x 106N

6 Two straight parallel wires 10 cm apart, one carrying a current of 2 A and the other 3 A in the
same direction:

The distance of the neutral point from the wire carrying 2 A equals vvsvsvavss

@2.5cm 4cm @6.5cm ®8cm
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@ Two straight parallel wires 10 cm apart, one carrying a current of 2 A and the other 3 A in the
same direction:
If the current in one of the wires is reversed, and a third wire of length 10 cm carrying a
current of 5 A is placed parallel to them, in the same plane, at the previous neutral point, the

force acting on it equals +vsvsvsees

(A)7.3x10°N  (B)5 x 10°N (©25x10°N (D) 105N

@ The opposite figure shows three long straight wires in the plane of the page, each carrying an
electric current. If the resultant magnetic force acting on a unit length of wire (3) is 3 X 10°°

N/m, in the plane of the page to the left, the value and direction of the current in wire (3) are

Yrrrrrrnn

3 @) (1)
b

B I, Y5A 12A4
(net) .

10 cm 30 cm
@ 0.75 A, from b to a 0.75 A, fromatob
@SA,frombtoa ®5A,fromatob

@ The opposite figure shows three long wires P, Q and R perpendicular to the page, each
carrying the same current. If the currents in wires P and R are into the page while the current

in wire Q is out of the page, which of the directions shown (A, B, C, D) represents the

direction of the force acting on wire P?

(A)

(B) -=#-=-{)Q

(D)
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@ In the figure shown, three straight parallel wires in one plane each carry an electric current. If
the magnetic force acting on one metre of wire y is F, and when the current in wire x is
reversed the force acting on a unit length of wire y becomes 1/2 F, the ratio between the two

currents (I1/I3) equals vvvvvveees (Given: I < Iy)

() 2/1 3/1 (© 41 () 5/4

@ Four straight parallel wires (x), (y), (z) and (k) each carry an electric current as shown in the

opposite figure. The magnetic force acting on a unit length of wire (z) equals vsvsvsvses

21 1 A21 A1

X y zZ k

(A)1/2 x (uP)/(xd) (w1%)/(xd)
©2x WP/(xd) @4 x @P/(nd
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@ The opposite figure shows four identical parallel wires x, y, z and m, each carrying an electric
current I in the same direction. If the resultant magnetic force acting on wire z equals F, the
resultant magnetic force acting on wire m equals svseseeses

X g

<
- ———— -~
(=N

V=

m -I=— v

(A 11/3F (8) 11/6 F (©) 11/5F (©) 11/2 F

@ Five straight parallel wires x, y, z, k and ¥, equally spaced, each carry an electric current I as in
the opposite figure. The correct order of the wires according to the magnetic force acting on

each of them iS veveveeees

X
Y i
z >
k >
g -
Wz>x=0>y ®y=k>x=0 ©Ox=0>2>y @®x=0>y=k
=k >z =k >z

@ The torque (T) acting on a coil carrying an electric current placed in a uniform magnetic field

is maximum when the plane of the coil is +seseveese the direction of the magnetic field.

@ perpendicular to parallel to @ inclined at 30° to @ inclined at 60° to
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@ A square coil abed carrying an electric current (I) is placed in a magnetic field of flux density B
as in the opposite figure. What happens, while the coil rotates a quarter of a turn from the
position shown in the figure, to:
the magnetic force acting on side ab?

Axis of rotation

b c

yoo

|
N
:
|

|
! { d
|
@ It increases It decreases but does not become zero
@ It decreases until it becomes zero @ It does not change

@ A square coil abed carrying an electric current (I) is placed in a magnetic field of flux density B
as in the opposite figure. What happens, while the coil rotates a quarter of a turn from the
position shown in the figure, to:
the magnetic force acting on side bc?

Axis of rotation

b c

yoo

|
N
:
|

!
2 14 { d
|
@ It increases It decreases but does not become zero
@ It decreases until it becomes zero @ It does not change
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@ A square coil abed carrying an electric current (I) is placed in a magnetic field of flux density B
as in the opposite figure. What happens, while the coil rotates a quarter of a turn from the
position shown in the figure, to:
the magnetic torque acting on the coil?

Axis of rotation

b c

yoo

N
|
|

!
! { d
|
@ It increases It decreases but does not become zero
@ It decreases until it becomes zero @ It does not change

@ A coil of 200 turns, each of area 300 cm?, is placed parallel to a magnetic field of flux density

0.4 T, and it is acted on by a torque of 20 N.m. The current in the coil equals vsevevress

(a) 437 A (3) 8.33 A (© 11.53 A (D) 13.98 A

L2 A coil of 500 turns, each of area 0.2 m?, carries a current of 10 A and is placed in a magnetic
field of flux density 0.25 Tesla. The torque acting on it when the angle between the normal to
the coil and the direction of the field is 30° equals vsvsvsvses

(A) 50 N.m 75 N.m (©) 110 N.m (©) 125 N.m

@ A rectangular coil of dimensions 20 cm and 10 cm with 200 turns is placed in a uniform
magnetic field of flux density 0.4 Tesla and carries an electric current of 3 A. The torque
acting on the coil when:

the plane of the coil is inclined at 60° to the direction of the field equals «vevseress

Ao 2.4 N.m (©) 3.6 Nm (®) 4.5 N.m

@ A rectangular coil of dimensions 20 cm and 10 cm with 200 turns is placed in a uniform
magnetic field of flux density 0.4 Tesla and carries an electric current of 3 A. The torque
acting on the coil when:

the plane of the coil is perpendicular to the direction of the field equals «vevvrves

() 6.2 N.m 4.8 N.m (©) 2.5 Nm @) o
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e A rectangular coil of dimensions 20 cm and 10 cm with 200 turns is placed in a uniform
magnetic field of flux density 0.4 Tesla and carries an electric current of 3 A. The torque
acting on the coil when:

the plane of the coil is parallel to the field equals vevsersens

(A) 7.4 N.m 0 (©) 4.8 N.m (®) 5.3 N.m

@ In which of the following positions of a coil carrying an electric current placed in a uniform
magnetic field is the torque smallest?

e B B ] R ) —e- B

80° 120° é 60°

® © ® ®

e An inventor wants to design an automatic door ABCD of area 2 m? with a coil of 50 turns
wound around it as in the figure, so that the door starts to rotate about its axis under a torque
of 400 N.m from the position shown, with side AB moving out of the page. The value and

direction of the current in side AB are vveevesses

D J A
—————————
r'l_-l—l_-*
: B=4T
|
|
| ! |
f l e
i | =
! |
E= J_'_I
c | B
@ 1A fromAtoB 0.5 A, from Ato B
@ 1A fromBtoA @0.5 A, from B to A
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@ The opposite figure shows a side view of a rectangular coil carrying an electric current, placed
in a magnetic field and acted on by a torque (7). Which of the following positions of the coil
makes it acted on by a torque = (T)/2?

N » S

» . .

700 Aos® . /(60° i
N — » S N » S N

v
h

A4

w

Z
T

/

'r":
L

®

v

v

v

»
'

®

@ Which of the following graphs represents the relation between the torque (T) acting on a coil
carrying an electric current placed in a uniform magnetic field and the angle (9) between the
plane of the coil and the normal to the field during half a turn, when the coil starts rotating
from the position perpendicular to the field?

T T T T
1 L

90° 180° 90° 180° 90°\  180° 90° 180°

®© © ®

@ The opposite figure shows two identical frames x and y, each of dimensions £ and 24, placed
in a uniform magnetic field. The ratio of the torques acting on the two frames ((Ty)/( Ty)) if

the same electric current passes through them equals «vevaevees

(A 1/2 2/1 (@) 1/1
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@ Three coils x, y and z, each of one turn, differ in shape, and their dimensions are shown by the
opposite grid. If the planes of these coils are parallel to a uniform magnetic field of flux density
B and each carries an electric current (I), the correct order of the magnetic torques acting on

t}lelll iS XXX XXX R]

vl

| X

Wu>t>17, ®nu>1,>7

@ A rectangular coil of 50 turns has a magnetic flux of maximum value 0.2 Wb passing through

it. The maximum torque that can act on the coil when it carries a current of 2 A equals

XXX R R R RN

(A) 20 N.m 40 N.m (©) 60 N.m (©) 80 N.m

@ In the opposite figure, a metal ring in the shape of an almost complete circle has a wire
resistance of 0.1 Q. If a battery of emf 9 V and negligible internal resistance is connected
between points a and b, the magnetic torque acting on the ring due to a uniform magnetic field

(B) of flux density 0.4 T in the plane of the ring equals +vvvvvvves (Given: T = 3.14)

B
/"——'\\ —
/ N,
( 20cm
S
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@ A battery of emf 14 V and negligible internal resistance is connected to a circular coil of radius
10 cm. If the resistivity of the coil wire's material is 7 X 1077 Q.m and the radius of the wire
is 1 mm, the torque acting on the coil when it is placed in a magnetic field parallel to its plane

with flux density 0.5 T equals +vvvvvvees (Given: T = 3.14)

(A) 0.53 N.m 0.61 N.m (©) 0.93 N.m (®) 1.57 N.m

@ A rectangular metal frame abcd is placed between two long straight parallel wires, all in the

same plane, as in the figure. If each of them carries a current I, the coil vveveeaens

| :

2 (

@ rotates about an axis parallel to the two wires
rotates about an axis perpendicular to the two wires
@ moves upward in a direction parallel to the two wires

@ is not acted on by a torque

@ The opposite figure shows a front view of a rectangular coil carrying an electric current out of
the page at point P and into the page at point R. If the length of side PR of the coil,
perpendicular to the axis of rotation, is 10 cm, what is the torque acting on the coil in this

position relative to the maximum torque (Ty)?

P
=
Axis of >
rotation
of the coil
R
T -
~—5cm—
ONEIES @, ©cenzn, 121,
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@ Two coils (x) and (y) each carry an electric current and are placed in a uniform magnetic field
(B) as in the following two figures (1) and (2).
For which coil does the magnetic torque acting on it become zero after it rotates 60° about the
axis shown in the figure?

Coil (y

Auxis of ratation
of the cail Auxis of rotation

of the cail

)

Y

Figure (2) Figure (1)

@ Coil (x) only Both coils @ Coil (y) only @ Neither coil

@ The opposite figure shows a coil abcd of dimensions 5 cm and 10 cm and one turn, carrying
an electric current and placed in a uniform magnetic field. If the plane of the coil is inclined at
60° to the direction of the field and the magnetic force acting on side (bc) in the position

shown is 0.5 N, the magnetic torque acting on the coil in this position is approximately

XXX R RN

() 0.01 N.m 0.02 N.m (©) 0.03 N.m (©) 0.05 N.m

@ The magnetic torque acting on a coil carrying an electric current and rotating in a uniform

magnetic field becomes zero when the direction of the magnetic dipole moment of the coil is

XXX R RN

@ parallel to the direction of the field
perpendicular to the direction of the field
@ inclined at 45° to the direction of the field
@ inclined at 135° to the direction of the field
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@ A straight wire of length 32 c¢cm is wound into a square coil of one turn, and wound again into
a square coil of 4 identical turns. If the same current passes through the coil in both cases, the

magnetic dipole moment of the coil in the first case is vsvsesesse that in the second case.

@ four times twice @ half @ a quarter of

@ A rectangular coil carrying an electric current I is placed perpendicular to a magnetic flux of

density B. The magnetic dipole moment of the coil increases when sevseasess
@ the plane of the coil becomes parallel to the direction of the magnetic flux
the magnetic flux density (B) increases

@ the current in the coil (I) increases

@ the magnetic flux (@) through the coil increases

@ The opposite figure shows a rectangular metal frame carrying an electric current, placed

parallel to a uniform magnetic field. The direction of the magnetic dipole moment of the coil is

_ 4

XX R R RN

N /| S
il
@ in the plane of the page, to the right in the plane of the page, to the left
@ perpendicular to the page, inward @ perpendicular to the page, outward

@ A coil of face area 0.001 m? carries a current of 10 A and is placed in a magnetic field of flux
density 2 T so that it is inclined at 60° to the field, and the torque acting on it is 1 N.m. Then:

The number of turns of the coil equals vvvsvseses turns.

() 15 () 50 (©) 100 (©) 200

@ A coil of face area 0.001 m? carries a current of 10 A and is placed in a magnetic field of flux
density 2 T so that it is inclined at 60° to the field, and the torque acting on it is 1 N.m. Then:

The maximum torque acting on the coil is «vevsvsess

@ 2 N.m 1.5 N.m @ 1 N.m @ 0.5 N.m
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@ A coil of face area 0.001 m? carries a current of 10 A and is placed in a magnetic field of flux
density 2 T so that it is inclined at 60° to the field, and the torque acting on it is 1 N.m. Then:

The magnetic dipole moment of the coil equals vsevevaens

(A) 2 Am? 1.5 Am? (© 1 Am? (©) 0.5 Am?

@ The opposite figure shows a rectangular coil (POQR) of N turns carrying an electric current I,
placed in a uniform magnetic field of flux density B so that the plane of the coil is parallel to
the magnetic flux lines. Which of the following graphs represents the change in the magnetic

dipole moment |my| of the coil, as it rotates 90° from this position, with the angle of rotation

(9)7

[mygyl [mgl [myl gl
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@ The opposite graph represents the relation between the torque (T) acting on a rectangular coil
carrying an electric current and the flux density (B) of a magnetic field parallel to the plane of

the coil. The magnetic dipole moment of the coil equals +evevaeess

T(N.m)
)
8

6

01 02 03 o4 B

(&) 10 Am? 15 Am? (© 20 Am? () 40 Am?

@ A coil of 50 turns carries an electric current and rotates in a uniform magnetic field of flux
density (B). The opposite graph represents the change in the magnetic dipole moment |mgy| of
the coil with the current (I) in it. If the maximum magnetic flux through the coil during its
rotation is 0.2 Wb, the magnetic flux density (B) in which the coil is placed equals +vsvsvsees

Imdl (Amz)
1

8

(A)os5T O\
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@ A circular coil of N turns and radius 10 cm carries an electric current I, producing a magnetic

flux of density 2 X 107* T at its centre. Its magnetic dipole moment is +ssssssess

@ 1 A.m? 2 A.m? @ 3 Am? @ 4 A.m?

@ A circular coil of face area 3.14 cm? carries an electric current I, and the magnetic flux density

at its centre is 2 X 107 T. Its dipole moment equals vveeesssss (Given: TT = 3.14)

(a) 102 Am? 104 Am? (©) 106 Am? () 108 Am?
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I Essay questions — 22 questions

’ A straight wire, free to move, is placed horizontally between the two poles x and y of a magnet
and carries an electric current I as shown in the figure. The wire was observed to move

vertically downward. Determine, with explanation, the type of the magnetic pole x.

6 In the opposite figure, the straight wire ab is acted on by a magnetic force of 0.1 N. Calculate
the magnetic force acting on the wire if it is rotated in the plane of the page about the axis x
through an angle of 30
(1) clockwise.

(2) anticlockwise.

Y

e A straight wire whose resistance per metre is 1 €2 is connected to a DC source of emf 2 V and
negligible internal resistance, and is placed perpendicular to a magnetic field (B) of flux density

0.1 T. Calculate the magnetic force acting on the wire due to the magnetic field (B).
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0 In the opposite figure, two straight wires x and y each carry an electric current I and are
placed in a magnetic field of flux density B in the common plane of the two wires. Find the

ratio between the magnetic forces acting on them (Fy/Fy).

e In the experiment in front of you, the two connecting wires bend outward when an electric

current passes through them. Explain this observation.

Metal strip

Connecting

\ wine
,.-7

1

A

I
l
x>

Battery Switch
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6 In the opposite figure, if the resistance of wire xy is R and the current in the circuit is I:
(1) What is the type of the mutual magnetic force between the two wires xy and ab?

(2) When switch K is closed, what happens to the magnitude of this force?

I X a

_'h |

K A,

r=0 |
e = A

R

:i:
Y b

G In the figure shown, two straight parallel wires (1) and (2) of lengths £ and (£)/2 respectively
each carry an electric current I. If the magnetic force acting on a unit length of wire (2) is 0.2
N/m, explain what happens to this force when wire (1) is replaced by another wire of length

20 carrying the same current, with the distance between the wires unchanged.
Id
@) =i

° Three straight parallel wires a, b and ¢ in one plane each carry an electric current as in the
opposite figure. Prove that the wire acted on by the greatest magnetic force per unit length is

wire C.

I 21 441
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6 In the opposite figure, three straight vertical wires a, b and ¢ each carry an electric current I.
Explain what happens to the magnetic force acting on a unit length of wire c if it is moved to

position X.

@ Three straight parallel wires a, b and ¢ each carry an electric current as in the opposite figure.
What happens to the magnitude and direction of the magnetic force acting on a unit length of
wire a when each of the following changes is made:

(1) the current in wire b is reversed?

(2) the current in wire c is increased to three times its value?

i=1A {1,=3A {1,=2A
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@ In the opposite figure, a rectangular metal frame (ABCD) of length £ and width d carries an
electric current I, and in its plane there is a long wire xy carrying an electric current I at a

distance d from the frame. Prove that the total magnetic force acting on the frame is given by
the relation: F = (u 20)/(4nd

Y
A B
14 T
14 Hf
ol e}
. dd._

@ Two long horizontal wires x and y lie in one vertical plane and carry electric currents I and 20
A respectively. A wire z, free to move, of length 1 m and weight 0.01 N, carrying a current of
20 A, is placed in their plane as in the opposite figure. Find the value and direction of the

current in wire x that keeps wire z in equilibrium.

1cm

J Z

—
2em| 20A
\

—af
20A

@ Two identical coils x and y are placed in a uniform magnetic field (B) as in the opposite figure.
When a direct current of the same value (I) is passed through each of them, coil x was

observed to rotate and coil y did not rotate. Explain this.

Coil y
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@ A rectangular coil abcd, which can rotate about an axis parallel to its length ab, carries a direct
current and is placed parallel to a uniform magnetic field as in the opposite figure:
(1) Determine the direction of rotation of the coil relative to the clockwise direction.
(2) Which sides of the coil are acted on by a magnetic force after it rotates a quarter of a

turn?

&

b If;c

d ’;;I d

@ A loop is placed in a uniform magnetic flux of density B, so the maximum magnetic flux that
can pass through it is 1 Wb. Calculate the maximum torque that this field can exert on the

loop when an electric current of 1 A passes through the loop.

@ Write the mathematical relation that each graph represents, and what the slope of the straight
line equals, for each of the following:
where: (F) is the mutual magnetic force between two parallel wires, (I) is the current, (d) is the
distance between the two wires, (T) is the magnetic torque acting on a coil, (0) is the angle

between the normal to the plane of the coil and the flux lines.

T(N.m) (3) T(N.m) (2)

A
Y v

sin B

—=[(A)

0 A circular coil of N turns, each of area 0.01 m? and resistance 1 Q per turn, is connected to a
source of negligible internal resistance and emf 2 V, and the coil is placed parallel to a

magnetic field of flux density 1 T. Find the magnetic torque acting on it.

@ A straight wire of length £ is wound into a circular coil of radius r and N turns. The coil is
placed parallel to the direction of a magnetic field of flux density B and an electric current I is

passed through it. Prove that the maximum magnetic torque acting on it is given by the
relation: T = 1/2B1Ir{
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@ Two identical straight wires are each shaped into a circular coil. The number of turns of the
first coil is three times that of the second coil. Find the ratio between the magnetic dipole

moments of the two coils if an electric current I passes through each of them.

@ A rectangular coil is placed between the poles of a magnet and its ends are connected to a
closed electric circuit as in the opposite figure. How can you increase both the magnetic dipole
moment of the coil and the maximum magnetic torque acting on it without changing the

specifications of the coil?

6 The opposite figure shows a front view of a rectangular coil whose dipole moment is 10 A.m?,
placed in a uniform magnetic field of flux density 0.1 T. Calculate:
(1) the torque acting on the coil in the position shown in the figure.

(2) the torque after the coil rotates clockwise through 60° from the position shown in the

figure.

@ A straight wire of length (£) is wound into a square coil of (N) turns. If an electric current (I)

passes through it, prove that the magnetic dipole moment of the coil is given by the relation: |

my| = (10%)/(16 N)
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I Past exam questions — 52 questions

’ In front of you are two perpendicular wires (1) and (2) in one plane, carrying electric
currents I} and I, respectively. The direction of the magnetic force acting at the midpoint of
wire (1) due to the magnetic field produced by the current in wire (2) is vvessssees (Trial exam
/ May 2021)

ilz

(2)

@ towards the top of the page

towards the bottom of the page

@ perpendicular to the plane of the page, inward
@ perpendicular to the plane of the page, outward

a A straight wire carrying an electric current is placed perpendicular to the direction of different
magnetic fields. The opposite graph shows the relation between the magnetic force (F) acting
on the wire and the magnetic flux density (B) in which the wire is placed. When the magnetic
flux density is 3 T, the force acting on the wire is +vvvvvees newton. (Trial exam / June 2021)

F (N)

[ |

10

- ~ B (T)

or (®) 4 ©1/2 ) 2
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e The opposite graph represents the relation between the magnetic force (F) acting on a wire
carrying an electric current placed in a magnetic field of flux density (B) and the angle between
the direction of the magnetic field and the wire (0). When the angle (0) equals «.v.vveees, the
magnetic force (F) acting on the wire equals half its maximum value. (st session 2021)

F(N)

4

6

~ B (degree)

() 30° 45° (©) 60° () 120°

0 Four straight wires X, Y, Z and M of different lengths each carry an electric current I and are
placed in a magnetic field of flux density B. The opposite graph shows the relation between the
magnetic force (F) acting on each wire and the sine of the angle between each wire and the
direction of the flux lines (sin 9). The longest wire is Wire sessvevses (2nd session 2021)

F(N)
A

sin B
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° Two wires x and y of equal length each carry an electric current and are placed perpendicular
to a magnetic field directed out of the page with flux density B, as in the figure. The relation
between the magnetic force Fy acting on wire x and the magnetic force Fy acting on wire y is
eevreennns (1st session 2022)

B e e DJe 9 B * e | o °
= <z
o ° ® ° ) e ° °
(y) (%)
@ Fy > Fy and both are downward Fy > Fy and both are upward
@ Fy > F; and both are upward @ Fy > Fy and both are downward

6 The graph shows the relation between the magnetic force (F) acting on two straight wires x
and y and the sine of the angle (sin 9) between each wire and the direction of the magnetic
field of flux density (B) in which they are placed. If the ratio of the current in wire (x) to the
current in wire (y) = 3/4, the ratio of the length of wire (x) to the length of wire (y) equals
verssenens (2nd session 2022)

F(N)

A
30‘?/

=
/// » sin O
(a) 4/3 4/9 (© 41 (0) 8/3

Wire (x)

Wire (y)
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a A straight metal wire carrying an electric current (I) is bent into two equal perpendicular parts
ab and bc, then placed in a uniform magnetic field perpendicular to both parts of the wire as

shown in the figure. Towards which point (W, X, Y, Z) does point b move? (2nd session 2022)

@ Point Y G Point X @ Point W @ Point Z

° A cylindrical metal rod rests on two copper strips fixed in the plane of the paper and
connected to a cell and a rheostat. A uniform magnetic field perpendicular to the plane of the
paper acts on the rod and the strips as in the figure, so a magnetic force (F) acts on the rod.
Which of the following choices represents what happens to the magnitude and direction of the

force F when the slider of the rheostat is moved towards point B? (Trial exam 2023)

x
_B.,'_-:}‘..';‘,,,,_.;I.l‘fl L A
b 4
T X
X

@ Its magnitude decreases and it stays in the same direction
Its magnitude increases and it stays in the same direction
@ Its magnitude decreases and its direction is reversed

@ Its magnitude increases and its direction is reversed
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6 The opposite graph represents the relation between the magnetic force (F) acting on a straight
wire of length £ carrying an electric current I placed in a uniform magnetic field of flux density
B and the angle (0) between the wire and the direction of the field. If the ratio (F,/F1) equals
(2V(3))/3, the value of the angle X on the horizontal axis equals «svsvsvevs (2nd session 2023)

780 O (degree)

o] B

0 X 90
(a) 45° 75° (©) 60° (D) 80°

@ In the opposite figure, a straight wire carrying an electric current (I) is placed parallel to a
uniform magnetic field of flux density (B). If the wire rotates a quarter of a turn about an axis
perpendicular to the plane of the page at point ¢, the graph that represents the relation
between the magnetic force (F) acting on the wire and the angle of rotation (9) iS vevsrerens

(Sample exam 2025)

B
™
)]
[—————— .,
( c
.
F F
—6 —=0

90 g0
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@ A wire of weight F is hung horizontally, and a uniform magnetic field of flux density B acts
perpendicular to it as in the figure. When an electric current I passes through the wire, it is
acted on by a magnetic force of 2 F. The magnitude of the resultant of the wire's weight and

the magnetic force acting on it equals vvvvveeees (Sample exam 2025)

(W F (®)2F OV F ®)3F

Q A solenoid has 250 turns/m and carries a current of 5 A. If a wire of length 0.35 m carrying a
current of 10 A is placed along the axis of the solenoid, the magnetic force acting on the wire

equals +evvverrss (Sample exam 2025)

(A) zero (3)55%x10°N  (©)7.5x10°N (D) 0.01N

@ An electron moves perpendicular to the plane of the page, outward, in a uniform magnetic field
directed south in the plane of the page. The direction of the magnetic force acting on the

moving electron is vvveveeess (Sample exam 2025)

@ east, in the plane of the page

west, in the plane of the page
@ north, in the plane of the page

@ perpendicular to the plane of the page, inward
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@ In the figure, a horizontal straight wire is placed perpendicular to the direction of the magnetic
field of a magnet. When a current of free electrons passes through the wire, the wire is acted

on by a magnetic force because of vveeeveres (Ist session 2025)

/)

Direction of flow
of free electrons

@ a difference between the magnetic flux densities above and below the wire
the attraction of the free electrons inside it to the north pole of the magnet
@ the attraction of the free electrons inside it to the south pole of the magnet

@ a difference between the magnetic flux densities to the right and left of the wire

@ The following figures show a straight wire carrying an electric current (I) placed in different
positions in the plane of the page in a uniform magnetic field perpendicular to the plane of the

page. The magnetic force acting on the wire is «.eevvvees (2nd session 2025)

L] L] ]
Position (3) Position (2) Position (1)
@ equal in the three positions greatest in position (1)
@ greatest in position (2) @ greatest in position (3)
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@ In the electric circuit shown in the figure, a metal wire (XY) of resistance (R) is placed
perpendicular to a uniform external magnetic field of flux density (B) and connected to a
closed circuit containing a battery of emf (V) and negligible internal resistance and two
rheostats (R1) and (R;). Which of the following actions, each done alone, on the values of the
two rheostats (R;) and (R;) respectively causes a decrease in the magnetic force acting on

wire (XY)? (Sample exam 2026)

I e e e
! {external)
- ® e s
Rl ) ® @ e e
- : ) e @
= R2 ° e e
V. — e e ° e
B .
* @ e e
e o °®
@ increase, increase increase, decrease
@ decrease, increase @ decrease, decrease

Q The figure shows a wire xy of uniform cross-section, length (£) and resistance (R), connected
to a battery of emf (V) and negligible internal resistance, and placed in a uniform magnetic
field of flux density (B) perpendicular to the plane of the page, outward, so the magnetic force
acting on it is (F). If the wire is stretched uniformly so that its length becomes (2£), placed
completely in the same field and connected to the same battery, the magnetic force acting on it

vevseeeees (Sample exam 2026)

ooy oo
e o pf] e o
(external)
e o L)
— e e e o
VB — g
r=0 e e ° o
® e ° o
e eVlle o
. I e o
@ decreases to half decreases to a quarter
@ doubles @ does not change
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@ Two wires (x) and (y), 30 cm apart, carry electric currents of 3 A and 4 A respectively, and
both are in an external magnetic field of flux density B perpendicular to the plane of the page,
inward, as in the figure. If the resultant magnetic force acting on a unit length of wire (x)
equals 2 X 107> N/m, the value of B equals vvvvvvvvss (Trial exam / June 2021)

Wire (x) Wire (y)

x| X X X | X

3A 4 A
(A)6.67x 10T (8)9.3x10°T (04 x 10T () 2.67 x 10T

@ The figure shows two parallel wires (Y) and (X). If the magnetic force acting on a unit length of
either wire is 4 X 107> N/m, the electric current (I) in wire (X) equals veveeaeses (Ist session
2021 )

Wire (Y) Wire (X)

2A4 Al

10 cm

(A)o.1A (®B)1A (©10A (®) 100 A
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@ Two parallel wires (z) and (y) carry electric currents of 5 A and 6 A respectively and are 0.4 m
apart. Both are in an external magnetic field of flux density 2.5 X 107 tesla directed
perpendicular to the page, inward, as in the figure. The resultant magnetic force acting on a

unit length of wire (z) is approximately +.vvvvvvvs (2nd session 2021)

(y) (z)

x x X X X x

5A 6A
(A) 1.5 x 10°N/m (3) 1.5 x 104 N/m (€) 1.7 x 104 N/m (D)4 x 105 N/m

° The figure shows two wires x and y, each 1.6 m long and 20 cm apart, carrying electric
currents of 2 A and 4 A respectively. The mutual magnetic force between the two wires is

cerevnaens (1st session 2022)

y X
Y 4
20 cm !

4 A 2A

(A)1.28 x 10*N 1.28 x 10°N (©)1.28 x 107N (D) 1.28 X 10° N

60 /100



Magnetic Force and Torque thanawiya-archive.com

@ In the opposite figure, a wire in the shape of a rectangle (abcd) carries a current of 4 A, and in
its plane, 4 cm from it, is a wire X carrying a current of 2 A. The magnitude and direction of

the resultant magnetic force acting on wire X are vveevveens (1st session 2022)

X
a_4A b
2AY
Z -
em 30 cm
d 10cm ¢
(A) 1.54 X 105 N, to the left 1.54 X 105 N, to the right
() 8.57 x 1076 N, to the right (D) 8.57 X 1075 N, to the left

@ Two straight parallel wires x and y carry electric currents as in the figure. The mutual

magnetic force between the two wires equals ++vvvveees (2nd session 2022)

Wire (y)

ZA‘

150 em
Wire (x)

T4A

1m
] 30 cm

(A)2.67 x 106N (8)8 x 106N (©5x%x 10°N (0)5.33 x 106N
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@ In the figure, two long parallel wires X and Y are each connected to a source of emf of
negligible internal resistance, and the mutual force between the two wires is (F). When wire X
is replaced by another wire of the same length and radius whose material has a resistivity 1/4

that of the material of wire X, the mutual force between the two wires becomes veevvasens (Trial
exam 2023)

VB___W_ x| | > ____YB
-_ Q @ -
- Ll E =0

(A)2F (B)F (©)4F () F/4

e From the data shown in the figure, which of the following choices represents the correct order

of the magnetic forces acting on a unit length of each wire? (Trial exam 2023)

z y X

2A4 3AL AlA

02m | 02m

- e L

(AF <F,<F, ®F<F<F (OF<F<F (OF<F,<F
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@ In the opposite figure, a unit length of wire (x) is acted on by a force of 2 X 10°° N/m to the
right due to the magnetic flux produced by the current in wire (y). The value and direction of

the current (I) are vvvevvnses (1st session 2023)

(y) (x)

2A% I

50 cm

@ 2.5 A, upward 2.5 A, downward @ 25 A, downward @ 25 A, upward

@ A wire (X) carrying a current (I) is placed in magnetic fields produced by different sources as in
the following figures. Which of the following represents the correct order of the magnetic

force acting on wire (X) in each figure? (1st session 2023)

d
2A
2A i
Cil;;.:llal' 2A
Straight
I() wire
Wire (X) St:: ‘g‘t
Wire (X)
Wire (X)
4) (3) (2)
(A)F, >F3; >F, =F, (B)F, =F3; >F, =F,
(OF >F,>F;>F, (D)F, >F, =F; =F,

@ Two straight parallel wires (A, B) carry electric currents in opposite directions of 2 A and I
respectively. If the perpendicular distance between the two wires is 5 cm, the length of their
facing part is 10 cm, and the mutual magnetic force between them is 2.4 X 107 N, the

current (I) and the type of the mutual force between the two wires are v.vsvseses (2nd session
2023)

@ 3 A, repulsion 3 A, attraction @ 6 A, repulsion @ 6 A, attraction
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@ In the opposite figure, at which of the points K, L, M, N should a straight wire carrying an

electric current be placed, parallel to the two wires X and Y and in their plane, so that it is not

acted on by a magnetic force? (1st session 2024)

l 1

L M
O | EEUAURTEINS ISP

(Y) (X)
@K ®L ©m @®N

@ In each of the following figures, a straight wire (M) carrying an electric current is placed
perpendicular to the plane of the page and is surrounded by two different conductors (A, B),
each carrying an electric current. In which of these figures is wire (M) NOT acted on by a

magnetic force due to the magnetic field produced by the two conductors (A, B)? (1st session

2024)

Conductor (A}
{leopk

e 31 I I
O—d—@—d— ()

Conductor (8] Conductor A Wire Conductor &

(loop)
‘ [ straight wire) (MJ [ straiglht wire)

®

I I I I I I
O—d—(De—d—® ® 2d Q—d—
Conductor A Wire Condu ctor B Condu ctor A Wire Conductor B
[sjraight wire} (M) [straight wire) (straight wire} (M) ({straight wire}

® ©
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@ Two straight parallel wires (x) and (y): wire (x) is very long and wire (y) is 80 cm long, and
each carries an electric current as in the opposite figure. If the mutual force between the two
wires is 2 X 107 N, the perpendicular distance between the two wires (d) equals vveeessess

(2nd session 2024)
|2a

241

-—380 cm

h 4
(A) 3.2 cm 0.32 cm (©) 0.032 cm (©) 0.0032 cm

@ Two long parallel wires (P) and (O) in the plane of the page, a distance (d) apart, carry electric
currents in opposite directions of the same value (I), and are in a uniform magnetic field as in
the figure, of flux density ((u I)/ (v d)). If wire (P) can move and wire (O) is fixed in its place,

in which direction is the magnetic force acting on wire (P)? (2nd session 2024)

I I

X X x X x
X X x X X
A
X X X X X
- -

x x d X X
X X x X X
x x x b X

(0) P)
@ It is not acted on by a magnetic force Towards the left of the page
@ Towards the right of the page @ Perpendicular to the plane of the page
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@ In the opposite figure, two long straight parallel wires are 30 cm apart, and the first wire
carries an electric current of 15 A. If the resultant magnetic flux density at point (x), midway
between the two wires, equals 6 X 107> T, the mutual magnetic force per unit length between

the two wires, acting on either of them, equals +vvvveeers (Sample exam 2025)

Il=15Ah 'FIZ

15cm

30 cm

(A)2 x 104N ()3 x 104N (©4 x 104N (®)5 x 104N

@ Figure (1) shows two straight parallel wires (X) and (Y) carrying electric currents (2 I) and (I)
respectively, and the mutual magnetic force between the two wires is F. When both wires are
placed in an external magnetic field of flux density (B) as shown in figure (2), the resultant
magnetic force acting on wire (X) becomes zero. The resultant magnetic force acting on wire

(Y) is then vevevevses (Sample exam 2025)

B
x2]£ x i:]: x Zli il
i

o » X | !
% *® x
d |
x % x i
- - % :J —
b X x Y X Y
Figure (2) Figure (1)

(A)0.5F (B)1F (©1.5F (®)2F
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@ A square coil MNOP, free to move, consists of one turn and carries an electric current I;.
Near it, in the same plane, is a long fixed straight wire AB carrying a current I, as in the
opposite figure. If the resultant magnetic force acting on the wire equals F, study the following
statements:

(I) The mutual magnetic force between wire AB and side MP equals 2 F
(IT) The mutual magnetic force between wire AB and side NO equals F
(IIT) The coil rotates anticlockwise

(IV) The coil moves towards the straight wire

Which of the previous statements are correct? (Sample exam 2025)

A

!
|

P (0]
R
(A) (), (1), IV) only (I), (I1) only
(©) (1), (V) only (@) (), (), (), (1v)
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@ Three identical straight wires each carry an electric current (I) and are placed parallel, with the
perpendicular distances between them as shown in the figure. Which wire is acted on by the

smallest magnetic force? (1st session 2025)

X Y Z

ia I4A Y1

@ The three wires are acted on by the same force

Wire (Y)
@ Wire (7)
@ Wire (X)

@ Two straight parallel wires X and Y, 10 cm apart, carry electric currents I and 1.5 1
respectively, as in the opposite figure. If the mutual magnetic force between the two wires per

unit length is 1.2 X 107> N/m, the current (I) equals veveveeses (2nd session 2025)
X Y

Ia 4151

10 cm

AW2A (®B)1A (©1.5A (®)2.5A
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@ Two long straight parallel wires (1) and (2) each carry an electric current as in the opposite
figure. If the total magnetic flux density at point (P) equals B, the magnetic force acting on a

unit length of wire (1) equals vvvveeeers (Sample exam 2026)

21

Wire (1) Wire (2)

(a) BI 2 BI (© BI/2 (©) BI/4

@ A circular coil of area 10 cm? consisting of 30 turns carries an electric current of 2 A and is
placed in a magnetic field of flux density 0.3 T. If the direction of the magnetic dipole moment
makes an angle of 30° with the direction of the magnetic field, the magnetic torque acting on

the coil is veeveeeres (Trial exam / May 2021)
(A NEB) x 103 Nom 18 x 103 N.m
(©) 18v(3) x 10 N.m (®) 9 x 103 N.m

@ A rectangular coil carrying an electric current is placed parallel to the direction of a magnetic
field of flux density 2 T. If the magnetic dipole moment of the coil is 0.3 A.m?, the magnetic

torque acting on the coil equals «eeeeveees (Trial exam / June 2021)

(A) 0.6 N.m 0.15 N.m (©) 0.06 N.m (©) 0.015 N.m

0 A rectangular coil of 2 turns, 10 cm long and 2 cm wide, carries an electric current of 2 A and
is placed in a magnetic field of flux density 2 T. The magnetic torque acting on the coil when

the angle between the coil and the direction of the flux lines is 60° equals +vsvsvsves (1st session

2021)
(A) 16 x 103 N.m (3) 8V(3) x 103 N.m
(©) 8 x 103 N.m (0) 16 x 104 N.m
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@ If the torque acting on a coil carrying an electric current placed in a magnetic field equals 0.86
N.m when the angle between the normal to the plane of the coil and the direction of the
magnetic flux is 60°, then when the plane of the coil is parallel to the magnetic flux lines, the

torque becomes approximately «...eee0ss (2nd session 2021)

@ 1 N.m 1.5 N.m @ 1.86 N.m @ Zero

@ A coil carrying an electric current is placed in a magnetic field of flux density 400 mT so that
the angle between the plane of the coil and the direction of the magnetic flux is (9) If the
magnetic dipole moment divided by the magnetic torque = 5 T-!, the angle (9) equals
cerevnaens (1st session 2022)

() 30° 35° (© 60° () 55°

@ A rectangular coil of dimensions 20 cm and 40 cm with 5 turns is placed in a magnetic field of
flux density 0.02 T so that the plane of the coil makes an angle of 55° with the direction of
the magnetic flux. When a current of 4 A passes through the coil, the magnetic torque acting

on the coil equals «veeeeeeee (2nd session 2022)
(A) 18.4 x 103 N.m (8) 26.2 x 103 N.m
(©) 320 x 103 N.m (D) 640 x 103 N.m

@ A rectangular coil of insulated wire, 0.1 m long and 0.05 m wide, with 50 turns, can rotate
about an axis in its plane parallel to its length. It is placed perpendicular to a magnetic field so
that a flux of 10°3 Wb passes through its face. If an electric current of 2 A passes through the

coil, the torque equals +vvevevers (Trial exam 2023)

0.1 N.m (B) zero 5 x 100* N.m 2 X 103 N.m
® ®

@ A rectangular coil carrying an electric current (I) is placed in a magnetic field of flux density
(B) so that the plane of the coil makes an angle of 60° with the direction of the magnetic flux.
If the value of the dipole moment in (A.m?) equals 4 times the value of the magnetic torque

acting on the coil in (N.m), the magnetic flux density (B) equals vsvseveres (1st session 2023)

(A)3.46 T ®2T ©8T () 0.5T
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@ A rectangular coil carrying an electric current is placed in a magnetic field with its plane
inclined at 60° to the magnetic field lines. The value of the magnetic torque acting on the coil
in (N.m) equals the value of the magnetic dipole moment of the coil in (A.m?). The magnetic

flux density equals ++vvvvvves (2nd session 2023)

@a2T () 1.15T (©05T () 0.86 T

@ A rectangular coil carrying an electric current is inclined at 30° to the lines of a uniform
magnetic field of flux density 0.5 T. If the magnetic dipole moment of the coil is 120 A.m?,

the magnetic torque acting on the coil is approximately «v.evvvvvs (Sample exam 2025)

(A) 75 N.m 60 N.m (©) 52 N.m (D) 34 N.m

@ A straight wire is shaped into a circular coil of one turn, carries an electric current and is
placed parallel to a uniform magnetic field, so it is acted on by a magnetic torque (T). If the
wire is reshaped into a circular coil of 3 turns, placed parallel to the same magnetic field and
carrying the same current, the magnetic torque acting on the coil becomes +evevaesee (Sample
exam 2025)

@ 3T (1)/3 @ 9T @ (1)/9

@ A rectangular coil carries a direct current. The coil is placed in a uniform magnetic field of flux
density 0.5 Wb/m? so that its plane is inclined at 60° to the direction of the field, as shown in
the figure, and the coil is acted on by a torque of 14 N.m. What are the magnitude and

direction of the magnetic dipole moment of the coil? (1st session 2025)

y I,’;

@ 56 A.m?, perpendicular to the plane of the coil and out of it
56 A.m?, perpendicular to the plane of the coil and into it
@ 32.3 A.m?, perpendicular to the plane of the coil and into it
@ 32.3 A.m?, perpendicular to the plane of the coil and out of it
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° A direct current flows in a rectangular coil, making its magnetic dipole moment 56 A.m?2. The
coil is placed at a certain angle in a uniform magnetic field of flux density 0.5 Wb/m?, and it
is acted on by a torque of 14 N.m. What is the angle between the plane of the coil and the

direction of the magnetic field in this position? (2nd session 2025)

@) 90 30° (© 60° (D) 45°

@ A straight wire of length (£) is shaped into a circular loop. If an electric current (I) passes
through the loop, the magnetic dipole moment (|mg|) of the loop is given by the relation
vevseeeees (Sample exam 2026)

@ |md| = (11))/(4 %) |md| = (10)/(4 %)
© Img| = A 1)/(4 ) © |mg| = A0/4m)
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Answer key and solutions

I Multiple choice questions

1 2 3 4 5 6 7 8 9 10
D D C A C A B B A A
11 12 13 14 15 16 17 18 19 20
B D C B C D C C D C
21 22 23 24 25 26 27 28 29 30
C C D C D B D C B D
31 32 33 34 35 36 37 38 39 40
C C B C C B C A D A
41 42 43 44 45 46 47 48 49 50
C C A A A A D C B A
51 52 53 54 55 56 57 58 59 60
A B D D A B D B C C
61 62 63 64 65 66 67 68 69 70
B D B D A C D D B B
71 72 73 74 75 76 77 78 79 80
C C D B B D B C B B
81 82 83 84 85 86 87 88 89 90
A D B D A C B D B D
91 92 93 94 95 96 97 98 99 100
C D A B D D D A D D
101 102 103 104 105 106 107 108 109 110
D D C C A A C C C A
111 112 113 114 115 116

C D C A A B

‘ Answer (D)

We use the right-hand rule for the force: fingers along the field, thumb along the current, and the
force is perpendicular to the palm.

In (D): the field is from N to S (downward) and the current is into the page, so the force is to the
left as shown in the figure.

In the other figures the force is opposite to the one shown.

7317100



Magnetic Force and Torque

a Answer (D)

The current is out of the page and the field is into the page: the angle between them is 180°
F=BIlsin180°= 0

e Answer (C)

The field of the loop at its centre is perpendicular to the plane of the loop, so it lies along the wire.

thanawiya-archive.com

The current in the wire is parallel to the field, so no force acts on it: F = Bllsin 0°= 0

° Answer (A)

F/(0) = BIsin 90°= 0.1X 10 = 1 N/m

° Answer (C)

F = BlisinOand at 0 = 0°:sin0°= 0
F=0

6 Answer (A)

F = BIisin45°= 1xX 5x 0.1x 0.707 = 0.354 N

a Answer (B)

F=BIlsin90°= 1Xx 5x 0.1 = 05N

° Answer (B)

F = BIisin 135°= 1X 5xX 0.1x 0.707 = 0.354 N

° Answer (A)

F = BIisin 180°= 0

@ Answer (A)

sin@ = F/(BIf) = 3/(5X 4% 0.3) = 0.5
6 = 30°

Q Answer (B)

F = Bllsin 90°, so when I and £ are constant, F is directly proportional to B
A straight line passing through the origin.
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@ Answer (D)

At first the wire is perpendicular to the field (F is maximum), then it rotates about an axis

thanawiya-archive.com

perpendicular to it.
The angle between the wire and the field = 90°- 6, so F = BllcosO

It starts at its maximum value and decreases along a concave curve to zero at 0 = 90°

@ Answer (C)

Slope of the line = B¢ = 1.2/2 = 0.6
B=106/06=1T

Q Answer (B)

F = BIisin®, so the slope of the F-{ line is BIsin0
Group Yy is perpendicular: its slope is BI, and the slope of x is half the slope of y in the graph
sin = 1/2= 60 = 30°

@ Answer (C)

F = Bllsin®, so the slope of the line = BIf, which equals the tangent of the angle between the

line and the horizontal axis

I/I, = fractan 30°tan 60° = (1/N(3))/(N(3)) = 1/3

@ Answer (D)

At 90°, F has its maximum value = 10 N, and the angle axis is divided into three equal parts: 30°,
60°, 90°
Fy is at 60°: Fy = 10sin 60°= 5V(3) N

Q Answer (C)

The wire is perpendicular to the field: F = BIf = 0.4X 5X 2 =4N
The current is upward and the field is to the left: by the right-hand rule the force is out of the
page.

@ Answer (C)

At end Q the field is into the page and the current is to the left, so the force is downward
At end P the field is out of the page, so the force is upward (opposite to Q)

So the wire rotates: P upward and Q downward
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@ Answer (D)

The wire is perpendicular to the field in all three positions (68 = 90°) and has the same length

thanawiya-archive.com

and current

F = BIl in all of them, so the forces are equal

@ Answer (C)

F{ = BIl (the wire is perpendicular to the field)

F, = B/2Xx 2IX 20 = 2BIl (perpendicular to the field)
F3; = 2B X 3Ix{Xsin 30°= 3BIl

F3 > F, > F;

@ Answer (C)

The force is proportional to sin@, where 0 is the angle between the wire and the field

(1) The field is perpendicular to the page: sin 90°= 1

(2) The field is vertical and the wire is inclined 60° to the horizontal, i.e. 30° to the vertical: sin
30°= 0.5

(3) The field is horizontal and the wire makes 60° with it: sin 60°= 0.87

Order: (1) > (3) > (2)

@ Answer (C)

The force depends on the component of the wire's length perpendicular to the field: the field is

horizontal, so the vertical component matters.

Wires ab and bc have the same vertical displacement (from a to b, then from b to ¢ back to the

same horizontal level)

So the magnitude of the force on bc equals F (and its direction is opposite)

e Answer (D)

Part ab is horizontal and parallel to the direction of the field: 6 = O
F = Bllsin 0°= 0

@ Answer (C)

Part bc is vertical and perpendicular to the field, with length 16 cm
F=BIl =0.15x 5xX 0.16 = 0.12N

@ Answer (D)

Wire cd is inclined at 30° to the direction of the field (since it makes 60° with the vertical)
F = Blisin 30°= 0.15x 5x 0.32%x 0.5 = 0.12N
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@ Answer (B)

F,, = BIl and Fy,. = BI(20), as both are perpendicular to the field
(Fan)/(Foo) = (0)/(24) = 1/2, less than one

@ Answer (D)

The field is out of the page and the current is to the right, so by the right-hand rule the magnetic
force is downward, i.e. in the same direction as the weight.
Resultant = F + 2F = 3F

@ Answer (C)

I=V/R=6/2=3A
F=BIl =01 3% 0.2 =0.06N
a=F/m= 0.06/0.4 = 0.15 m/s?

@ Answer (B)
I =F/(Bl) = 24/(0.2x 1.5) = 8A

The field is out of the page and the force is downward: by the right-hand rule the force is
downward when the current is from b to a (to the right)

@ Answer (D)

When the switch is open, the total resistance is R + 2R = 3R,sol = V/3R and F, = BI{

When the switch is closed, the resistance 2R is short-circuited, so I' = V/R = 3I
F' = 3F,

° Answer (C)

I =V/R = VA/(pl),so F = BIl = BVA/(p)

The force does not depend on the length, so it is the same for both wires.

@ Answer (C)

F=BIl =B (VA)/(p4) £ = BVA/(p)
F=(103% 3x 10x10°/(2.8x10%) = 1.07N

e Answer (B)

F =

BVA/(p)= A, and doubling the diameter makes the area four times as large
F'=4x 1.07 = 428N
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@ Answer (C)

The wire's field at a point 10 cm away: By, = (uo D/Cnd) =1 = (10> % 2nx 0.1)/
(4nx107) = 5A
F/() = BIsin@ = 1.5X 5xX 0.5 = 3.75 N/m

e Answer (C)

For the wire to stay suspended: BIf = mg = pAl g
B=(pAg/ = (2700x 0.1x10%x 10)/10 = 27x103 T
The current in XY is from X to Y (to the right) and the required force is upward, so by the right-
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hand rule the field is into the page

@ Answer (B)

Only the lower side is inside the field. The current (anticlockwise) is to the right in it and the field
is out of the page, so the force is downward.

The force increases the reading from 2 to 2.2 N, ie. F = 0.2 N

B = F/(I) = 0.2/(20% 0.2) = 0.05T

@ Answer (C)

When the field is reversed, the force is reversed and becomes upward with the same magnitude 0.2
N
Reading = 2-0.2 = 1.8 N

@ Answer (A)

The resultant is 3w downward, i.e. Fy, - w = -3w, so the magnetic force is F;, = 2w downward
When the field is reversed it becomes 2w upward, so the resultant is 2w - w = w vertically

upward

@ Answer (D)

F,, = 2w downward, and when the current is halved it becomes F,, = w downward

Resultant = w + w = 2w vertically downward

@ Answer (A)

For the tension to be zero, the upward magnetic force must equal the weight: BI{ = mg
I = mg/(Bl) = (0.05% 10)/(0.2% 0.4) = 6.25A

The field is into the page and the force is upward: the current is from b to a
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Answer (C)

When the current is reversed, the magnetic force becomes 0.5 N downward, added to the weight
05N
The total tension 1 N is shared by the two springs: 1/2 = 0.5 N each

Answer (C)

The two currents are in opposite directions, so the two wires repel.

Wire (B) is on the left, so the force on it is to the left.

Answer (A)

The current in each wire produces a field that acts on the other wire.
The type of the force (attraction or repulsion) is decided by the directions of the two currents: the
same direction gives attraction, opposite directions give repulsion.

The values of the currents, the distance and the length decide only the magnitude of the force.

Answer (A)

The neutral point is where the total field of the two wires is zero, so their fields there are equal
and opposite.

The neutral point lies between the two wires if the currents are in the same direction (attraction),
and outside them if the currents are opposite (repulsion).

Point X is outside the two wires, so the wires repel

Answer (A)

In figure (1) the field lines surround both wires together and the field between them is weak: the
currents are in the same direction, so the wires attract.
In figure (2) the two fields between the wires are in the same direction and strengthen each other:

the currents are opposite, so the wires repel.

Answer (A)

The two mutual forces between the wires are action and reaction according to Newton's third law:
equal in magnitude and opposite in direction.
F/Fy, = 1/1

Answer (D)

The two mutual forces between the wires are action and reaction and are always equal; each is F
= WL 1)/2nd)

Doubling the current in x doubles the force on both wires, so it becomes 2F on each
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@ Answer (C)

F/(2) = (uo I2)/(2m) x 1/d, so the slope of the line = (ug 12)/(2n)
Slope = (4%x107°)/40 = 10°, s02x107 I* = 10°°
PFP=5=>1=224A

@ Answer (B)

F/()) = 2x107 1, I))/d=d = (2x107 %X 10X 10)/(2%x10%) = 0.1m = 10 cm

@ Answer (A)

Fe (I 1 I 2 ) / d
Doubling one current doubles the force, and halving the distance doubles it too: F' = 2X 2 X
0.01 = 0.04N

@ Answer (A)

F/() = (2x107 L I)/d= T, = (8.8x10x 0.06)/(2x107 % 24) = 11 A
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The force is attraction, so the two currents are in the same direction: out of the page.

@ Answer (B)

F = (uI, I,)/(2x d) £, so when the other factors are constant, F is directly proportional to I;
A straight line passing through the origin.

@ Answer (D)

Fx1/d when the two currents and the length are constant

An inverse relation: a falling curve that does not touch the axes.

@ Answer (D)

The distance increases with time: d = dy + Vt, so Fx<1/(dy + vt)

A falling curve that starts from a definite value at t = 0 and never becomes zero

e Answer (A)

B=@D/2rnd) = (2%x107x 5)/0.1 =10°T

@ Answer (B)

F=BIl =10°%x 2xX 0.5 =10°N
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9 Answer (D)

The field is zero at the midpoint between the two wires (with currents in the same direction), so
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their fields are equal: Iy = I, =1
F/(0) = 2x10712)/d=4x10° = (2x107 12)/2=I? = 400
I = 20 A in each of them

@ Answer (B)

Fx I I, where the current in X becomes I + 4 and F' = 2F
T+4)/I=2=1=4A

@ Answer (C)

Wire ab is acted on by a resultant force if the field of the other conductor acts on it with an
unbalanced force (parallel wires, perpendicular wires without symmetry, or inside the field of a
loop)

In (C) wire ab is parallel to the axis of the solenoid, and the field of the solenoid on the axis is

parallel to ab, so it exerts no force: F = Bllsin 0°= 0

@ Answer (C)

The two currents branch from 8 A, so Iy + Ig = 8 and the force Fx I, Iy

The product is greatest when the two currents are equal: 4 X 4 = 16

While in the others: 6 X 2 = 12, 5X 3 = 15and2X 6 = 12

@ Answer (B)

The two currents are in the same direction, so the wires attract, and the external field pushes both
wires to the left with the same force (current upward and field into the page).

The mutual force: on wire (1) it is to the left (towards (2)), and on wire (2) it is to the right
(towards ( 1 )) .

On (1) the two forces add in the same direction, and on (2) they are opposite: F1 > F,

@ Answer (D)

The force from the external field: Bl = 2X 107> X 2 = 4X 10> N/m downward on each wire
(current to the right and field out of the page)

The mutual force (attraction): (2X 1077 X 2x 2)/0.01 = 8 10> N/m, on wire X downward
(towards y)

On X the two forces are in the same direction: 4 X 10> + 8 X 10° = 1.2x10* N/m
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@ Answer (B)

On wire y the force from the field is 4 X 10> N/m downward, and the mutual force is 8 X 107>
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N/m upward (towards x)
Resultant = 8 X107 -4x10° = 4x10> N/m

@ Answer (D)

Parts of the frame attract each other if the currents in them are in the same direction, so they bend
inward as in the figure.
When the source is connected between d and b, the current divides into two paths, and in each

pair of opposite sides the current flows in the same direction, so they attract

@ Answer (A)

Weight per metre = 0.12X 103X 10 = 1.2Xx 103 N/m
F/()) = 2x107 1, I,)/d = 2x107x 80x% 1,)/0.2 = 8x107° I,
To stay suspended: 8X 10 I, = 1.2Xx 103 =1, = 15A

@ Answer (C)

Point P is at the midpoint, 0.1 m from each wire, and the currents are opposite, so their fields are
in the same direction

B=2x107(I; + 1,))/0.1 = 6x10°>=1, +1, =30=>1, =20A

F=(2x107x 20x 10)/0.2x 0.5 = 10*N

@ Answer (D)

At the neutral point x: I;/30 = I,/10 = 1; = 31,
F/()) = 2%x1071,1,)/0.2 = 12x10°=>1,1, = 12
3122 = 12:7’12 = 2A, 11 = 6A

@ Answer (D)

Wire ab is suspended: the magnetic force balances its weight mg = 0.005% 10 = 0.05 N
(2%x107 % 50x% 50)/dx 1 = 0.05=>d = (5%x104)/0.05 = 0.01 m

@ Answer (B)

The upper side (near, 1 cm) and the lower side (far, 10 Cm) are acted on by two opposite forces,
and the upper one is larger because it is nearer

Fpet = 2X107 X 50% IX 0.25(1/0.01 -1/0.1) = 2.25X107*1

To stay suspended: 2.25X 1041 = mg = 0.0045x 10 = 0.045=1 = 200 A

The upper side must repel the wire (opposite currents), so the current is anticlockwise.
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@ Answer (B)

The force on Y from X: «(3Ix I)/d = (3I%)/d towards X
The force on Y from Z: «(3Ix 2I)/2d = (31%)/d towards Z

The two forces are equal and opposite, so their resultant on Y is zero

0 Answer (C)

We calculate the force on each wire in units of (2 X 10°71%)/d (all are attractions because the
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currents are in the same direction)
On x: from y attraction 1 and from 2 attraction 2/2 = 1 in the same direction: resultant 2
On y: from 2 attraction 2 and from X attraction I in the opposite direction: resultant 1

On z: from y attraction 2 and from Xx attraction 2/2 = 1 in the same direction: resultant 3 (the

greatest)

@ Answer (C)

The currents are in the same direction, so each wire attracts wire b

¢ (at distance d) attracts it to the right with a force *1/d, and a (at distance 2d) attracts it to the
left with a force «1/2d

So the resultant is to the right (towards c)

e Answer (D)

From a (distance 0.2 m): (2x107x 5% 5)/0.2 = 25%x10°° N/m attraction towards a
From c (distance 0.4 m): (2x107x 5% 5)/0.4 = 12.5x 10°° N/m attraction towards c
(opposite direction)

Resultant = 25X 10°°-12.5x10° = 12.5X10° N/m

@ Answer (B)

If the currents in @ and ¢ are opposite, one of them attracts b and the other repels it, so the two

forces are in the same direction

Resultant = 25X 10°° + 12.5x10° = 37.5x10° N/m

6 Answer (B)

At the neutral point (between the two wires) the two fields are equal: I;/x = I,/(d - x)
2/x = 3/(10-x) >20-2x = 3x=>x =4cm
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@ Answer (D)

The previous neutral point is 4 cm from the 2 A wire and 6 cm from the 3 A wire
After reversing one current, their fields at this point are in the same direction: B =
2x107(2/0.04 + 3/0.06) = 2x10°>T
F=BIl =2x10°x 5% 0.1 =10°N

@ Answer (B)

Assume the current in wire (3) is upward (from a to b) and calculate the force per metre
From wire (l) (current upward, distance 0.4 m): attraction to the right = (2 X 107 x 12
13)/0.4 = 6x10°1;

From wire (2) (current downward, distance 0.1 m): repulsion to the left = (2 X 107x 5
13)/0.1 = 10° I3

The resultant is to the left: 4X 10° 13 = 3x10°=13 = 0.75 A fromato b

@ Answer (C)

The current in wire R is in the same direction as that in P, so it attracts it: the force is towards R

(downward)

The current in wire Q is opposite to that in P, so it repels it: the force is away from Q (to the left)

The two distances are equal, so the resultant is in the direction halfway between downward and

left: C

@ Answer (B)

On y: 2 (opposite current) repels it and pushes it towards X, and x (same direction) attracts it
towards X too, so the two forces are in the same direction

Fx(2 (I, + 1;))/d

After reversing the current in X, the two forces are opposite: F'<(2 (I - I;))/d = F/2
L-I, =0 +1))/2=>1, = 3,=>1,/I, = 3/1

@ Answer (B)

We calculate the force on 2 in units of u = (u I2)/(27t d); all the wires attract because the

currents are in the same direction

From y (I, distance d): 2 to the left, from x (2I, distance Zd): 2 to the left, and from k (I, distance

d): 2 to the right
Resultant = 2 + 2 -2 = 2 units, i.e. 2X (U )/2nd) = (n 12)/(rt d)
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@ Answer (A)

We calculate in units of k = (u I2)/(2x d) (all forces are attractions)
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On 2: y attracts it with force 1 upward and x with force 1/2 upward, and m with force 1
downward: F = 1/2

On m: g with force 1, y with force 1/2 and x with force 1/3, all upward: 11/6
Fw/F, = (11/6)/(1/2) = 11/3

@ Answer (D)

We calculate in units of (u I2)/(27 d): the attraction of a wire at distance nd equals 1/n

x and [ (the two ends): all the wires attract them in one direction: 1 + 1/2 + 1/3 + 1/4 =
25/12

yandk: (1 + 1/2 +1/3)-1=5/6

Z (the middle): the two forces from the two sides are equal and balance: 0

x=1l>y=k>z

@ Answer (B)

The torque T = NBIAsinO, where 0 is the angle between the field and the normal to the coil

It is maximum at @ = 90°, i.e. when the plane of the coil is parallel to the field

@ Answer (D)

Side ab is vertical and parallel to the axis of rotation, and the field is horizontal in all positions of

the coil

So ab stays perpendicular to the field during rotation: F = BI{ is constant and does not change

@ Answer (A)

In the first position side bc is horizontal and parallel to the field, so there is no force on it: F = 0
During rotation its inclination to the field increases until it becomes perpendicular to it, so the

force F = BI{sinO increases

@ Answer (C)

The torque T = NBIAcos®, where @ is the angle between the plane of the coil and the field
At first the plane of the coil is parallel to the field, so the torque is maximum, and after a quarter of
a turn it becomes perpendicular to the field.

So the torque decreases until it becomes zero.

@ Answer (B)

T = NBIA because the plane of the coil is parallel to the field
I = (t)/NBA = 20/(200% 0.4% 0.03) = 8.33 A
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Answer (D)

T = NBIAsinO, where 0 is the angle between the normal to the coil and the field
T=500% 0.25%x 10X 0.2%Xsin 30°= 125 N.m

@ Answer (B)

A =0.2% 0.1 =0.02m?
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The angle between the plane and the field is 60°, so the angle between the normal and the field is
30°
T = NBIAcos 60°= 200X 0.4%x 3% 0.02%x 0.5 = 2.4 NNm

@ Answer (D)

The plane of the coil is perpendicular to the field, i.e. the normal to the coil is parallel to the field:
6=0
T = NBIAsin 0°= 0

e Answer (C)

The plane of the coil is parallel to the field: the torque is maximum.

T = NBIA = 200X 0.4X 3X 0.02 = 4.8 N.m

@ Answer (D)

The torque T = NBIAcos®, where @ is the angle between the plane of the coil and the field, so it
decreases as the plane gets closer to being perpendicular to the field

The angle drawn is between the plane and the field: (D) 80° is the closest to 90°, so cos 80° =
0.17 is the smallest

(A) cos 0°= 1, (B) cos 60°= 0.5 and (C) cos 120° = -0.5 (magnitude 0.5)

@ Answer (A)

The field is in the plane of the page and parallel to the door, so the torque is maximum: T = NBIA
I = (0)/NBA = 400/(50%x 4%x 2) = 1A
Side AB moves out of the page and the field is to the right, so by the right-hand rule the current is

downward, i.e. from A to B

@ Answer (B)

In the main figure the coil is parallel to the field, so the torque is maximum T = NBIA
To get (T)/2 we need cosp = 1/2 = @ = 60° between the plane and the field
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@ Answer (D)

The coil starts from the position perpendicular to the field, so the torque is zero: T = NBIAsin0
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The torque increases up to 90° (maximum value), then decreases to zero at 180°

@ Answer (D)

The two frames have the same area (212 X B), the same current and the same position relative to
the field

T = NBIA, so they are equal: (’L‘x)/(’Cy) =1/1

@ Answer (D)

The plane is parallel to the field, so the torque is T = BIA and depends only on the area
We estimate the areas by counting the grid squares: the rhombus x= (5% 5)/2 = 12.5, the
rectangle y = 1X 6 = 6, the circle z = mX 2.52= 19.6

T, > T > Ty

@ Answer (A)

®,.x = BA =0.2Wb
Tmax = NBIA = NI ®,,, = 50X 2X 0.2 = 20 N.m

@ Answer (D)

Points a and b are next to each other, so the current flows through almost the whole ring: I = V/
R =9/0.1 =90A

The ring is one turn and its plane is parallel to the field: T = BIA = 0.4X 90X 3.14 % (0.2)?
= 4.52 N.m

@ Answer (D)

Length of the wire L = N (2w r.), and its resistance R = (p L)/ (5t r2) = (7x107 x Nx
2nx 0.1)/(nx (103)%) = 0.14 NQ

I =V/R = 14/0.14N = 100/N

T = NBIA = NX 0.5X100/Nx 3.14x (0.1)? = 1.57 N.m (it does not depend on N)

@ Answer (D)

The two wires carry opposite currents, so their fields between them are in the same direction, and
the frame is symmetric between them.

Side ab has a current in the same direction as the left wire, so it is attracted to it, and side cd is
attracted to the right wire with the same force, so the two forces are equal and opposite

The forces on sides bc and ad are equal and opposite along one line, so the resultant and the

torque are zero: it is not acted on by a torque
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@ Answer (D)

T = NBIAcos@, where @ is the angle between the plane of the coil and the field, and To = NBIA
The component of side PR along the field = 5 cm of 10 cm, so cosqp = 5/10 = 1/2
T=1/27,

@ Answer (C)

The torque becomes zero when the plane of the coil becomes perpendicular to the field, i.e. at 90°
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Coil x is at 60°, so after rotating 60° it becomes 120° or 0°, so it does not become zero

Coil y is at 30°, so after rotating 60° it becomes 90°, so its torque becomes zero

@ Answer (C)

Side bc (length 5 cm) is perpendicular to the axis of rotation and makes 60° with the field: F =
Blisin 60°= 0.5 = BI = 0.5/(0.05x 0.866) = 11.55
T = BIAcos 60°= 11.55%X(0.05%x 0.1) X 0.5 = 0.029= 0.03 N.m

@ Answer (A)

T = mBsin0O, where 0 is the angle between the dipole moment and the field

It is zero at @ = 0° or 180", i.e. when the dipole moment is parallel to the field

@ Answer (A)

Dipole moment m = NIA
First case: one turn of side 8 cm: m; = I X 64 = 641
Second case: 4 turns, each of side 2cm: my = 4X IX 4 = 161

ml/mz =4

@ Answer (C)

The magnetic dipole moment m = NIA is a property of the coil and its current only
So it increases when the current increases, and it does not depend on the field B or on the position

of the coil

@ Answer (C)

The current in the left side is upward, then to the right in the upper side, then downward in the
right side, then to the left in the lower side: clockwise.
By the right-hand rule (fingers along the current), the thumb, i.e. the dipole moment, is

perpendicular to the page, inward.
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@ Answer (C)

T = NBIAcos 60° because the angle between the plane and the field is 60°
N = fractBIAcos 60° = 1/(2% 10x 0.001 x 0.5) = 100 turns

@ Answer (A)

Tmax = NBIA = 100% 2x 10x 0.001 = 2 N.m

@ Answer (C)

m = NIA = 100X 10X 0.001 = 1 A.m?

@ Answer (D)

The dipole moment m = NIA does not depend on the angle of rotation or on the direction of the
field

So it stays constant during rotation: a horizontal line.

@ Answer (C)

When the field is parallel to the plane, the torque is maximum: T = mB
Slope of the linem = (t)/B = 8/0.4 = 20 A.m?

@ Answer (A)

Slope of the line m/I = NA = 8/0.4 = 20 m?
®,.x = BA =0.2,50B = (®,,,)/A = (0.2%X N)/NA = (0.2%x 50)/20 = 0.5 T

@ Answer (A)

B = (uoNID/2r= NI = 2rB/(up) = 2% 0.1x 2x104)/(4nx107) = 31.8
m = NIA = NIXnr? = 31.8x 3.14x 0.01 = 1 A.m?

@ Answer (B)

A=nr:=314x10*=r=0.01m
I=2rB/(uy) = (2% 0.01x 2x107)/(4nx107) = 0.318 A
m=1IA = 0.318% 3.14x10* = 10* A.m?
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I Essay questions

° Model answer

Pole x is a north pole, because by applying Fleming's left-hand rule we find that the direction of

the magnetic flux is from pole x to pole y.
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a Model answer

Before the wire is rotated: F = F ), Sin0

0.1 = F,, sin 60, so F,x = (V(3))/15 N

(1) After rotating the wire 30° clockwise, 8 = 30"

F = (V(3))/15sin 30 = (N(3))/30 N

(2) After rotating the wire 30° anticlockwise, 0 = 90:
F=((@3))/15sin90 = (V(3))/15 N

e Model answer

I=V/R=2/(0 x1)=2/()A
F=BIl =01 X% 2/(l) x{=02N

0 Model answer

From the figure: £y = {y sin 60
F/F, = (I sin 90)/(4y sin 60) = (4, sin 60 X sin 90)/(4y sin 60) = 1

° Model answer

In the experiment the two connecting wires are connected in series, so the current flows in them
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in opposite directions, and the resultant flux density in the region between the two wires is greater
than the resultant flux density outside them.
So a magnetic force acts on the two wires, directed from the region of higher flux density (inside)

to the region of lower flux density (outside), so they repel and the two wires bend.

° Model answer

(1) Because the currents in the two wires are in opposite directions, the force is a force of
repulsion.

(2) When switch K is closed, the potential difference across wire xy stays constant because it is
connected across a battery of negligible internal resistance, so the current in it does not change,

and the mutual magnetic force between the two wires stays constant.

a Model answer

The magnetic force acting on a unit length of wire (2) is not affected by increasing the length of
the wire parallel to it, because the facing length of the two wires is constant and the values of Iy, I,

and d are constant.

According to the relation F5/(£) = (u I I)/(2 =t d), F,/(4,) stays constant.
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° Model answer

Wire a: F,/(8) = (uI X 2D/Q2nd) + (uI X 4D/Q2x X 2d) = (2 u12)/(n d)
Wire b: Fp,/(0) = (u X 21 X 4D/Q2nd) - (u X 2l X D/2xnd) = Bul?)/(nd)
Wire c: F./(8) = (u X 2I X 4D/Q2xnd) + (uI X 4D/Q2n X 2d) = (5 u1%)/(x d)

So wire c is acted on by the greatest magnetic force per unit length.

° Model answer

The magnetic force acting on a unit length of wire (c) becomes zero, because at point x the
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magnetic flux produced by the current in wire (a) cancels the magnetic flux produced by the

current in wire (b).

@ Model answer

The force acting on wire a: F,/(0) = (4w X 107 x 1 x3)/2nd + (4n x 107 x 1 X
2)/2w X 2d) = (8 X 1077)/d N/m (to the right)

(1) When the current in wire b is reversed: F,/(§) = (4t X 107 x 1 x 3)/Q2 nd) - (47 X
107 x 1 x2)/2n x 2d) = (4 x 107)/d N/m (to the left)

So the force acting on a unit length of wire (a) decreases to half and its direction is reversed.

(2) When the current in wire ¢ is increased to three times its value: F,/(£) = (4 X 107 x 1
X 3)/2nd + (40 x 107 x 1 x 3 x2)/Q2n x 2d) = (1.2 x 10°)/d N/m

So the resultant force acting on a unit length of wire a increases to 1.5 times its first value and its

direction stays to the right.

Q Model answer

The force of attraction between wire xy and side AD of the frame: F; = (u ZY/2xd
The force of repulsion between wire xy and side BC of the frame: F, = (uI? 0)/(2 m X 2d)
The resultant force acting on the frame (attraction towards wire xy):

F=F -F,=@Py/Cnand)(1-1/2) = ulP /(A xnd

Q Model answer

For wire z to be in equilibrium, the resultant magnetic force acting on it must be upward and
equal to the weight of the wire downward.

Fy,= (I, [,0)/2mnd) = (4nu X 107 X 20 X 20 X 1)/2n X 2 X 10%) = 4 x 107
N

The magnetic force acting on wire z due to wire y is upward, and since Fy > Fy,, the force acting

on wire z due to wire x must be upward, i.e. the current in wire x is in the same direction as the

current in wire z
F, =F, + Fy,
001 =4 X103+ (4n x 107 X I x 20 x 1)/2xn x 1 X 10°2)
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In both cases the two sides parallel to the axis of rotation of the coil are acted on by two equal
forces in opposite directions:

For coil (x): the two forces do not have the same line of action, which produces a couple that
rotates the coil.

For coil (y): the two forces have the same line of action, so their resultant is zero, and therefore

there is no couple to rotate the coil.

@ Model answer

(1) By applying Fleming's left-hand rule to the two sides ab and cd, we find that the coil rotates
clockwise.

(2) After a quarter of a turn, the plane of the coil becomes perpendicular to the direction of the
magnetic field, so all its sides (ab, bc, cd, da) are perpendicular to the field and each of them is

acted on by a magnetic force.

((pm)max =BA =1Wb
Tmax = BAIN =1 X1 X 1=1Nm

@ Model answer

(1) Mathematical relation: F = (uI; I £)/(2 w d), slope: slope = (AF)/(A (1/d) = (u1, I,
0/(2m)

(2) Mathematical relation: T = BIAN sin6, slope: slope = (A T)/(A ) = BAN sin6

(3) Mathematical relation: T = BIAN sin®, slope: slope = (A T)/(A sin@) = BIAN

@ Model answer

I=V/R=Vg/(NR) =2/(N X 1) =2/NA
T=BIAN =1 X 2/N X 0.01 X N = 0.02N.m

@ Model answer

Circumference of one turn = 2t r
L =2nrNsoN=(()/2nr),A=mr?
T=BIAN = BIanr’ (0)/2nr) = 1/2BIr{
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@ Model answer

0y =40y s02nri Ny =2nr, N,

Ny{/N, = ry/r = 3/1

mg| = IAN = Inr’ N

((mg)1)/((my)y) = (r1? N1)/(r,2 Ny) = (1/3)* x 3/1 = 1/3

@ Model answer

By increasing the electric current in the coil by:
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(1) increasing the emf of the battery.

(2) decreasing the resistance taken from Ry

@ Model answer

(1) T = |my| Bsin® = 10 x 0.1sin 30 = 0.5 N.m
(2) When the coil rotates 60° clockwise, it becomes parallel to the field.
T = |mg|B =10 X 0.1 = 1N.m

@ Model answer

The perimeter of each turn = 4 £, so £ = 4 0'N, and £' = (£)/4N
The area of each turn: A = (0% = ((0)/4N)?
|mg| = IAN =1 x ((0)/4N)?> X N = (14?)/(16 N)

I Past exam questions

1 2 3 4 5 6 7 8 9 10
A A A A B C A B C B
11 12 13 14 15 16 17 18 19 20
D A B A A B A B C C
21 22 23 24 25 26 27 28 29 30
D D A C A B A A A B
31 32 33 34 35 36 37 38 39 40
A B C D A A
41 42 43 44 45 46 47 48 49 50
C A C A B D A C B A
51 52

C C
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’ Answer (A)

The field of wire (2) at wire (1) is out of the page (right-hand rule).
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By Fleming's left-hand rule, the current is to the left and the field is out of the page, so the force is
towards the top of the page.

6 Answer (A)

slope = F/B = 10/5 = 2
F=2Xx3=6N

e Answer (A)

F = F.x Sin0
1/2 Frax = Fpax Sin6, so 6 = 30°

0 Answer (A)

F = BIl sin®, so the slope = BI{

Wire X has the greatest slope, so it is the longest.

° Answer (B)

F = BII, and wire y carries 21, so Fy > Fy
By Fleming's left-hand rule, the current is to the left and the field is out of the page, so the force is

upward.

° Answer (C)

Slope = BIl
Slope of (x) = tan 60 = V(3) and slope of (y) = tan 30 = 1/(N(3))
(I 8)/(y by) = 3,50 1)/ (8y) = 3 X 4/3 = 4/1

0 Answer (A)

The force on ab is to the right and the force on bc is downward, and they have the same
magnitude.

The resultant is at 45°, towards point Y.

° Answer (B)

Moving the slider towards B decreases the resistance taken from the rheostat, so the current
increases.
So the force F = BIl increases, and the direction of the current does not change, so the force

keeps its direction.
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e Answer (C)

Fy = F.x at 90°, F1 = F . sin X
Fy/Fi = 1/(sinX) = (2V(3))/3,s0sinX = (V(3))/2, X = 60°

@ Answer (B)

The wire is parallel to the field, so the force starts from zero.
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F = F.x Sin0 increases up to its maximum value at 90°

Q Answer (D)

By Fleming's left-hand rule, the magnetic force is downward, in the direction of the weight.

Resultant = F + 2F = 3F

Q Answer (A)

The wire on the axis of the solenoid is parallel to the field lines, so it is not acted on by a force.

F=Bllsin0 =0

e Answer (B)

The electron is a negative charge, so its direction of motion is opposite to the direction of the
current.

By Fleming's left-hand rule, the force is west in the plane of the page.

@ Answer (A)

The force arises because the flux densities above and below the wire are different, so it moves from

the higher to the lower.

@ Answer (A)

The wire is perpendicular to the field in the three positions, and has the same length and current.

F = BIl is equal.

@ Answer (B)

Increasing R decreases the total current, and decreasing R, makes most of the current pass
through it instead of the wire.

So the current in XY decreases and the force decreases.

@ Answer (A)

Stretching the wire to twice its length makes its resistance 4 R, so the current decreases to a
quarter.

F'=Bl1/4 (20 = F/2

95/100



Magnetic Force and Torque

@ Answer (B)

The force from y on x (attraction, to the right): F/(£) = (2 X 107 x 3 X 4)/0.3 = 8 x 10°
N/m

The force from the field on x, to the left: 3B

3B-8 x 10° =2 x 10°s0B =93 x 10°T

@ Answer (C)

F/()) = (uI, I)/2wd)
4%x10°=2x107 x2x0D/01,s0l =10A

@ Answer (C)

The force from y on z (attraction, to the left): (2 X 107 x 5 X 6)/0.4 = 1.5 x 10> N/m
The force from the field on z, to the left: Bl = 2.5 X 10> X 6 = 1.5 X 100* N/m
Resultant = 1.65 X 10* = 1.7 X 10* N/m

@ Answer (D)

F=@WhL/2nd) =@2x107 x2x4x16)/02=128 X 10°N

@ Answer (D)

Side ad has a current opposite to X (repulsion pushing X to the left): F; = (2 X 1077 X 2 X 4
X 0.3)/0.04 = 1.2 x 10° N

Side bc has a current in the same direction as X (attraction to the right): Fp, = (2 X 107 x 2 %
4 x 0.3)/0.14 = 3.43 x 10°N

F=F,-F, =857 X 10° N to the left

e Answer (A)

The facing length of the two wires is 0.5 m
F=2x107 x2 X 4x05)/0.3=267X10°N

@ Answer (C)

R = (pe £)/A decreases to a quarter, so the current in X increases to 4 times its value.
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F « Ix Iy, so it becomes 4F

@ Answer (A)

Taking k = (w/(2m): Fx = k(3/0.2 + 2/0.4) = 20k
Fy, = k(6/0.2 - 3/0.2) = 15k

F, = k(6/0.2 + 2/0.4) = 35k

F, < F <F,
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@ Answer (B)

The force on x is to the right (away from y), so it is a repulsion and the current is downward.

2x 106 =2 x107 x 2 x1D/0.5s0] =25A

@ Answer (A)

In (1) the wire is on the axis of the solenoid and in (4) on the axis of the circular coil: parallel to
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the field, so the force is zero.

In (2) the facing length is greater than in (3).

@ Answer (A)

24 x10°%°= (2 x 107 x 2 xIX 0.1)/0.05 s0 =3A

The two currents are opposite, so the force is a repulsion.

@ Answer (A)

The two currents are opposite, so the field is zero outside the two wires, near the one with the
smaller current (Y).

1/r = 4/(r + 3),sor = 1 division to the left of Y, i.e. at K

@ Answer (B)

In (B) the field of the two loops at their centre is along their axis, i.e. parallel to wire M, so it is not

acted on by a force.

e Answer (A)

2x10° =02 x 107 x 2 x 2 x 0.8)/d
d=0.032m=32cm

Q Answer (B)

The force of repulsion from O on P, to the right: (u I? £)/(2 = d)
The force of the field on P, to the left: BIf = (u I? 1)/(rt d), which is twice as large.
So the resultant is towards the left of the page.

e Answer (B)

The two currents are opposite, so the two fields add at the midpoint:
6 X 10 = (2 x 107 X 15)/0.15 + (2 x 107 X 1,)/0.15,s0 1, = 30 A
F/() = (2 x 107 x 15 x 30)/0.3 = 3 x 100*N
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@ Answer (C)

On X: the force of attraction F to the right and the force of the field 2IB{ to the left; the resultant
is zero, so IBY = F/2

On Y: the force of attraction F to the left and the force of the field IB{ = F/2 to the left.
Resultant = 1.5 F

@ Answer (A)

MP has a current in the same direction as AB at a distance £ (attraction F 1), and NO has a current
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opposite to it at a distance 2¢ (repulsion F1/2).
F=F-F/2,s0Ff = 2F and FNg = F

The resultant is an attraction, so the coil moves towards the wire and does not rotate.

@ Answer (D)

Taking k = (uI1?)/(2 nd): on X: k - k/2 = 0.5k
OnY:k+k =2k onZ: k + k/2 = 1.5k

So the smallest is wire X

e Answer (A)

1.2 X 10° =2 x 107 X I x 1.51)/0.1
P=4sI=2A

@ Answer (A)

B=@D/Cmnd + u@D)/Cn2d) = CpD/(2nd),ie (uD)/(2nd) = B/2
F/()) = 2D D/@=nd =21 x B/2 = BI

@ Answer (D)

T = BIAN sin@ = 0.3 x 2 x 10 x 10% x 30 x sin 30
T=9x 103Nm

@ Answer (A)

The coil is parallel to the field: T = |my| B = 0.3 X 2 = 0.6 N.m

° Answer (C)

The angle between the plane of the coil and the field is 60°: T = BIAN cos 60
T=2x%Xx2x(01x%X002) x2x05=8x103%Nm
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@ Answer (A)

T = Tpax Sin 60
Tmax = 0.86/0.866 = 1 N.m

@ Answer (C)

The angle between the plane of the coil and the field is (6): T = |mq| B cos@
(lmg|)/(t) = 1/(B cos6) = 5,50 cosO = 1/(5 x 0.4) = 0.5,0 = 60°

@ Answer (A)

T = BIAN cos 55 = 0.02 X 4 X (0.2 X 0.4) X 5 X cos 55
T =184 x 103 N.m

@ Answer (B)

The coil is perpendicular to the field (the field is along the normal to its plane), so the torque is
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Z€TO0.

@ Answer (D)

T = |my| B cos 60
(lmaD)/(0) = 1/(B X 0.5) = 4,50B = 0.5T

0 Answer (A)

T = |my| B cos 60 and T = |my|
B=1/05=2T

@ Answer (C)

T = |my| Bcos 30 = 120 x 0.5 x 0.866 = 52 N.m

@ Answer (B)

The same wire: with 3 turns the radius becomes r/3 and the area A/9

TxAN = A/9 X 3 = A/3, so it becomes (T)/3

@ Answer (A)

T = |my| B cos 60 (60° between the plane and the field)
|mgq| = 14/(0.5 x 0.5) = 56 A.m?
Its direction is perpendicular to the plane of the coil by the right-hand rule, and it is out of the coil

according to the direction of the current.
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@ Answer (C)

T = |my| B cosO
14 = 56 x 0.5 X cos0O, so cos® = 0.5, 6 = 60°

@ Answer (C)

0 =2nrsor = (£)/(2n)
A=mnr?= 0%)/(4n)
Img| = 1A = (14%)/(4 n)
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